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Abstract 
 
 
In the context of current global challenges in wheat production with declining grain 
protein contents, the aim has been to investigate the use of low protein wheat flour in 
the processing of instant Asian noodles. For this study, Australian Soft (AS) flour was 
selected as it is of low protein content and low gluten strength and for comparative 
purposes, a high protein flour (Baker’s) was used as a control to reflect current 
commercial practice.  
 
A preliminary investigation was carried out to compare commercial instant noodles and 
samples prepared under laboratory conditions. The noodles made from AS flour had 
acceptable but slightly higher hardness and stickiness values, less appealing appearance 
as well as higher fat uptakes compared to a series of commercial instant noodles. 
Several ingredients were added into the noodle formulation in order to enhance the 
quality of instant noodles made from AS flour. The ingredients selected were the 
enzyme microbial transglutaminase (MTGase), emulsifier (sodium stearoyl lactylate, 
SSL), modified starch (acetylated potato starch, APS) and gum (sodium carboxymethyl 
cellulose, CMC). The addition of the ingredients enhanced the textural properties of 
noodles prepared from AS flour. Electron microscopy confirmed the enhanced 
development of structure within the noodles when MTGase and SSL were incorporated. 
In terms of colour, marginal visual difference was observed when combinations of APS 
and CMC were used, with samples showing a slightly dull appearance compared with 
the control. An inverse relationship was found between fat uptake and the incorporation 
of MTGase, water and APS. 
 
The impact of varying conditions during instant noodle processing was also studied, 
particularly mixing, resting, number of folds and the parameters of frying. The 
combination of mixing and resting time had a major impact on hardness while the 
yellowness (b* value) of the product was enhanced when the mixing time and frying 
temperature were increased. Combinations of short frying times and low frying 
temperatures produced noodles with lower fat contents.  
 
Abstract 
 
 
vii
The feasibility of incorporating common buckwheat (Fagopyrum esculentum Moench) 
into instant noodle formulations to improve the antioxidant properties was investigated. 
With increased addition of buckwheat flour, noodles made using AS flour produced 
softer texture. Furthermore whiteness (L* values) decreased and fat uptake was 
marginally affected. The levels of the antioxidant rutin were measured in the noodles 
and were found to increase when additional buckwheat flour was added although losses 
did occur during the last stage of processing. 
 
The results of these trials show that various options are available which will enhance the 
quality attributes of instant Asian noodles made from AS flour. Product formulation and 
processing variables can be manipulated to enhance texture and colour appeal as well as 
reduce fat uptake. Common buckwheat flour can also be incorporated at moderate 
levels. In summary, these findings provide strategies for utilising low protein flour (AS) 
for making instant noodles. The results represent a sound scientific basis upon which 
processors can modify noodle formulations or vary processing conditions in order to 
meet the preferences of particular consumers for instant Asian noodles.  
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Explanatory notes 
 
The purpose of these notes is to briefly describe the approaches adopted during the 
preparation of this thesis. They relate to spelling, units of measurement, the expression 
of analytical results and the referencing of literature sources: 
 
1. Where alternative spellings are in common use then the British rather than the 
American approach has been adopted in the text. Examples include the term 
colour (rather than color), words ending with –ise (rather than –ize) and some 
technical terms. 
 
2. Generally, for the presentation of results, SI units have been used, although it is 
noted that the results for the analyses of fat uptake and moisture are presented for 
100 g of noodles, in line with the approach typically adopted in most publications 
that refer to the composition of noodle products. 
 
3. The formulations of instant noodles have been calculated and expressed on the 
basis of 100 parts of flour by weight. The optimum cooking time was routinely 
measured for each noodle sample and variations were found between the samples 
prepared using the experimental treatments. This reflects the diversity of 
ingredient formulations and processing procedures applied during the study. 
 
4. Calculations relating to the concentration of rutin have been expressed on a dry 
weight basis. This was done to ensure that direct comparisons could be made 
between results obtained at different stages of processing for the instant noodles. 
 
5. In the citation and listing of references and information sources, the 
recommendations of the American Psychological Association (APA) have been 
used throughout. This was chosen on the basis that it is widely adopted and has 
recently been selected as the format for use in Food Chemistry, one of the leading 
international journals in the field of Food Science and Technology. 
Chapter 1 
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Chapter 1 
 
Introduction 
 
 
 
This chapter provides an overview of the current technical challenges facing the global 
wheat industry along with an outline of this research program developed to address 
some of the challenges particularly impacting Australian wheat production. Specifically 
a wheat product - instant fried noodles, has been used to investigate the effects of three 
key variables (viz. wheat flour types, selected additional raw ingredients and varying 
processing conditions) on the appeal and acceptability of the product.  
 
Wheat is one of the primary grain crops grown worldwide. The USA, EU, Canada, 
Australia and Argentina are the five major wheat exporters accounting for 
approximately 75% of wheat traded globally. Wheat products are a significant 
proportion of food consumption around the world and to some extent for livestock feed 
and seed. The details of wheat background, production and usage will be discussed in 
Chapter 2. 
 
Commercially, there are three main categories of wheat, namely hard, soft and durum 
wheat. The major determinants differentiating these are grain hardness, dough strength 
and protein content. Generally, hard (high protein content >10%) wheat flour is required 
for making Asian noodles (dry white salted, yellow alkaline and instant noodles), loaf 
and flat bread as well as Chinese steamed bread. Soft (low protein content < 10%) 
wheat flour is normally used for making biscuits, cakes and pastry. Durum wheat is 
mainly used for manufacturing pasta and couscous. 
 
There are some major long term problems confronting the wheat industry both in 
Australia and around the world. Wheat farmers are struggling to maintain high quality 
while producing high yield and essentially this is leading to reductions in protein level 
and dough strength in some premium wheat grades. There is a mid to long term trend of 
decreasing wheat protein contents and this issue will increasingly impact on the wheat 
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industry. In particular it will affect export trends, the incorporation of these raw 
materials by manufactures and, ultimately, consumer acceptance of new wheat products.  
 
Within the broad range of strategies required to address the key issues, the theme of this 
research explores alternative ways to utilise the low protein content (soft type) wheat 
flour. 
 
Asian noodles represent a major end use of wheat, with estimates of more than 12% of 
total world wheat production used for making these products. Of the many types of 
noodles, the instant fried noodle is the fastest growing sector and it is increasing in 
popularity in many non-Asian countries. Accordingly, instant noodles were chosen for 
use in this research project. 
 
The substitution of low protein content wheat flour (instead of high protein content) into 
instant fried noodles formulation has adverse impacts on product quality. These include 
poor textural properties, less attractive appearance and high fat uptake. Potentially these 
limitations may be overcome with the incorporation of additional ingredients and 
varying processing conditions to enhance the quality of instant fried noodles. In 
addition, common buckwheat might be added into the instant noodle formulations to 
enhance the antioxidant (rutin) property, providing a way of improving the functional 
property for instant fried noodles made from low protein wheat flour.  
 
In order to assess the quality of instant fried noodles, two main criteria are used: eating 
quality (textural attributes) and appearance (colour and brightness). Therefore the 
underlying hypothesis of this project is that a) wheat flour types, b) additional raw 
ingredients, and c) varying processing conditions will have a significant effect on the 
quality attributes of the instant fried noodles made from low protein wheat flour. This 
research seeks to investigate the influence of these three factors on the quality of instant 
fried noodles made from low protein wheat flour. 
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Chapter 2 
 
Background and literature review: 
The utilisation of wheat for Asian noodle products 
 
 
 
This chapter reviews current knowledge on the utilisation of wheat flour for the 
manufacture of Asian noodles. The areas addressed include the significance of wheat, 
the challenges facing the wheat industry, alternative solutions, the importance of Asian 
noodles in Australia and internationally and an introduction to the different types of 
Asian noodles. 
 
2.1 Introduction to wheat 
 
Cereals are cultivated grasses that are grown in a wide range of regions. Cereals can be 
classified into four major groups within the grass family (Gramineae) as tabulated in 
Table 2.1. Of the cereals, wheat is the third largest in production after maize and rice. It 
is widely cultivated in more than 120 countries (Collado & Corke, 2004). 
 
Table 2.1 The classification of cereals within the grass family (Gramineae) 
 
Family grouping Common name (genus) 
Andropogoneae  Maize (Zea mays) 
Sorghum (Sorghum bicolour) 
Adlay (Coix lacryma-jobi) 
Aveneae Oat (Avena sativa) 
Paniceae and 
Chlorideae 
Millets including a variety of species 
Oryzeae Rice (Oryza sativa) 
African rice (O. glaberrima) 
Wild rice (Zizania palustris) 
Triticeae  Wheat (Triticum spp)  
Barley (Hordeum spp) 
Rye (Secale cereale) 
Triticale (Triticosecale) 
Note  Source of data used was Graybosch (2004) 
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A 2007 report indicated that the crop is grown on 212 million hectares throughout the 
world and annual production was approximately 620 million tonnes of grain during the 
period of 2004-2006 (FAO, 2007). Two species of wheat are widely planted: common 
(bread) wheat (Triticum aestivum L.) and durum wheat (Triticum durum) (Beta & 
Corke, 2001). The genetic make-up of common bread is hexaploid and this species 
occupies 90% of the world wheat cultivation area (Collado & Corke, 2004). Durum 
wheat is tetraploid and comprises a relatively small proportion of wheat grown (Kill, 
2001). The Mediterranean region remains the world’s largest producer of durum wheat 
(55-60% of world production) (Sissons, 2004). Common wheat is generally milled and 
the resulting flour is used to manufacture a diverse range of product including leavened 
and flat breads, biscuits, cakes, noodles and other baked products. Durum wheat is 
milled into semolina for production of pasta and couscous.  
 
2.2 Significance of wheat in Australia 
 
Australia is typically ranked 4th among the major wheat exporting nations, 80% of 
Australia’s wheat crop is exported to more than 40 countries, representing 15% of 
annual world trade (ABS, 2008). Australia’s primary wheat markets are summarised in 
Table 2.2. Asian and the Middle Eastern countries, particularly Indonesia, India and 
Japan are the main importers of Australian wheat.  
 
Table 2.2 Major destinations for Australian wheat exports (2006-2007) 
 
Destination Amount of wheat exported (tonnes) 
Egypt 
Japan 
Korea, Republic of (South) 
Iraq 
China 
Indonesia 
India 
   251,000 
1,114,000 
   989,000 
   362,000 
   183,000 
2,574,000 
1,593,000 
Note Source of data used was Australian Bureau of Agricultural and Resources 
Economics (ABARE), 2008 
 
Unlike other major wheat exporters which grow wheat having red bran, Australia 
produces exclusively white wheat (having bran of lighter colour) which is well suited 
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for making Asian noodles. These white wheats include the classes Premium White and 
Standard White. The former is described as a unique blend of hard grained white wheat 
varieties selected to ensure consistently high milling performance and excellent flour 
quality (AWB, 2006). Standard White is a highly versatile medium to low protein white 
wheat product representing excellent value for straight milling or blending purpose 
(AWB, 2006). These two classes are well suited for processing white salted and yellow 
alkaline noodles. Wheat used for the production of white salted noodles (WSN) is a 
blend of wheat varieties having medium to hard grain and resulting in products having 
low flour ash, bright and creamy colour, good stability and eating quality. For the 
production of yellow alkaline noodles (YAN), hard grained and high protein content 
wheat is used as it produces YAN which have good brightness, a stable yellow colour 
and good eating characteristics.  
 
For marketing purposes, following harvest wheat is classified according to grain 
properties and in Australia this is based on variety, general cleanliness and soundness, 
as well as protein content (Martin & Stewart, 1994). The Australian wheat grades, 
attributes and end-uses are outlined in Table 2.3. A wheat buyer will then determine 
which type of wheat to purchase on the basis of this classification. 
 
It is not surprising then that export trends and international consumer preferences will 
influence how and what type of wheat is grown in Australia, as well as the decisions 
made in the wheat value chain (Blakeney et al., 2009). Australian wheat producers will 
determine classes of wheat that are most profitable to cultivate, based on the mid and 
longer term wheat economies.  
 
2.3 Challenges faced by the global and Australia wheat industries 
 
Although wheat is one of the major staple food crops, productivity and planting area 
have lagged compared with world population growth. Currently, wheat is cultivated on 
approximately 200 million hectares with an average total production of 600 million 
tonnes and the global potential market for wheat by 2020 is estimated at 840 to 1000 
million tonnes (Rajaram & Braun, 2008). Although there has been a steady increase in 
yield, this is insufficient to meet predicted global demand. According to Bhalla (2006), 
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a significant increase in wheat production is needed simply to keep up with the 
requirements.  
 
Table 2.3 Australian wheat grades, their defining attributes and major end-uses 
 
Grade Attributes End-uses 
Prime Hard  Minimum protein content of 13% 
 Hard-grained varieties 
 Excellent milling quality 
 High dough strength and 
functionality 
 High volume pan 
bread and hearth bread 
 High quality yellow 
alkaline and dry white 
salted noodles 
Hard  Minimum protein content of 
11.5% 
 Hard-grained varieties 
 Superior milling quality 
 Good dough strength  
 High volume pan 
bread, flatbreads and 
noodles 
Premium White  Minimum protein content of 10% 
 Hard grained-varieties 
 High milling performance 
 Noodles, including 
instant noodles 
 Middles Eastern and 
Indian-style flatbreads 
 Pan bread 
 Chinese steamed 
bread 
Standard White  Protein content less than 10% 
unless Australian Standard White 
classification 
 Multipurpose 
(flatbread, steamed 
bread, noodles) 
Noodle  Protein content 9.6-11.5%  
 Soft grained varieties 
 Very good noodle quality 
 Dry white salted 
noodles and Japanese 
udon noodles 
Soft  Soft grained varieties 
 Maximum protein content of 
9.5% 
 Weak dough with low water 
absorption 
 Biscuits, cakes and 
pastry 
General Purpose  Wheat that fails to meet higher 
milling grain receival standards, 
or with Australian General 
Purpose classification 
 All purpose flours 
 Blending applications 
Feed  Wheat suitable for animal feed, 
including all red grained varieties 
 
Note Source of data used was Blakeney et al. (2009) 
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The global wheat area is shown in Table 2.4. The global average productivity is 
estimated at 2.7 t ha-1 with high variability among countries and regions. Researchers 
have identified the trend towards high annual variation in both grain yield and quality 
characteristics (Rharrabti, García del Moral, Villegas, & Royo, 2003). There are several 
factors that explain declining wheat production and quality: a) better economic 
profitability of other crops including soybeans and maize has promoted shifts to other 
crops b) unpredictable climatic changes (Fischer, Shah, & Van Veltuizen, 2002), c) the 
scarcity of water resources (Shiklomanov & Rodda, 2003), d) increased urbanization 
and loss of high quality land previously used for agriculture, and e) decreased public 
sector investment in agriculture and rural affairs (Falcon & Naylor, 2005). Among 
these, environmental factors have a particularly profound impact on wheat quality. This 
may explain the diversity of qualities produced in different parts of the world (Stone & 
Savin, 2000). For example, Rao, Smith, Jandhyala, Papendick and Parr (1993) indicated 
that wheat protein content is influenced by environment, cultivar, N fertiliser rate, 
timing and method of N application and the interactions between these factors.  
 
Table 2.4 Area planted to wheat in different regions of the world 
 
Geographic region Area (000 ha) 
Central/ West Asia & North Africa  (CWANA) 
South Asia 
East Asia 
Eastern Europe & Russian Federation 
North America (USA & Canada) 
European Union (EU) 
Australia 
Global 
52,507 
36,899 
28,763 
35,963 
40,043 
17,322 
12,000 
212,000 
Note  Source of data used was Rajaram & Braun (2008) 
 
There is an inherent problem with attempts to improve both grain yield and grain quality 
at the same time: it appears that there is an inverse relationship between yield and grain 
protein (Garrido-Lestache, López-Bellido, & López-Bellido, 2004). Nevertheless, this 
does not imply that high grain protein cannot be achieved at high-yield levels (Garrido-
Lestache et al., 2004). 
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The wheat industries’ needs (Section 2.2) and the challenges of producing such wheats 
(due to environmental factors) have made wheat quality parameters an important 
requirement. Stability of wheat quality is becoming a critical factor for the milling and 
noodle industries, because of potentially high annual variation in both grain yield and 
quality. For this reason, stable wheat quality, as mentioned by Robert and Denis (1996), 
is a desirable feature, as it assures constant processing procedures and minimal product 
losses during processing (Grausgruber, Oberforster, Werteker, Ruckenbauer, & 
Vollmann, 2000). 
 
2.4 Strategy to address the challenges facing the global wheat industry 
 
Given the inverse relationship between grain yield and producing quality wheat, the 
current challenges for the global wheat industry are: a) to develop wheat varieties with 
improved grain yield, b) to produce wheat with enhanced grain quality, and c) to 
establish ways to effectively utilise grain of lower quality. These three different 
strategies are being addressed within the research community. 
 
The first and second strategies can be categorised as “preventive actions” where farmers 
take precautionary steps to ensure grain productivity and quality while achieving 
acceptable agriculture standards. Over recent decades, there has been considerable 
emphasis on these areas globally and research work carried out by International Maize 
and Wheat Improvement Center (CIMMYT) has identified ways to increase farm 
productivity whilst preserving quality (Rajaram & Braun, 2008). These include: 
 
a) An improved understanding of the physiological basis of yield in wheat; 
b)  Genetic tools that would permit rapid development of markers for traits 
associated with improved yield; 
c)  A new generation of statistical tools which permit genotype × environment 
interactions to be dissected into their genetic and physiological 
components; and 
d)  A rapidly increasing body of practical knowledge on how to implement 
conservation agricultural practices that would both stabilise and raise the 
environmental threshold on which genetic yield potential is expressed. 
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Further agricultural practices that contribute to conservation include addition of organic 
matter to soil through green manuring and crop residue recycling, balanced fertilization, 
integrated nutrient management and crop diversification. These are now strongly 
promoted in order to improve total productivity in many regions. 
 
These preventive actions are useful and are carried out prior to the growing season. 
After the wheat has been harvested and milled, the end quality of the flour is the key 
factor in determining grain classification and selling price. In general, flour having high 
protein content attracts a higher selling price compare to those of lower protein. 
 
The third strategy described above addresses the need to develop new uses for this 
increasingly abundant wheat; i.e. low protein content wheat flour (the reasons for this 
increasing availability of low protein content wheat flour were highlighted in Section 
2.3). The purpose is to exploit or overcome whatever weaknesses exist, for the 
betterment of the wheat industry.  
 
The thrust of the project described in this thesis has been to develop alternative uses of 
low protein content wheat flour that will provide food products that are acceptable to 
consumers. Currently there is a wide range of uses for wheat flour encompassing bread, 
noodles, pasta, biscuits and pastries. An introduction to these end products is presented 
below with particular emphasis upon Asian instant fried noodles which have now been 
chosen for further research. 
 
2.5 Introduction to Asian noodles 
 
Asian noodles are believed to have originated from Northern China as early as 5000 
B.C (Ang & Miller, 1999; Hou & Kruk, 1998; Lu et al., 2005; Miskelly, 1993). 
According to the early records, the noodle making technology was already remarkably 
well developed during the Han Dynasty which reigned in China for the period 206BC-
220AD. By the period of the Song Dynasty (960-1179 A.D), noodles had become more 
of a daily food and were readily available in open air markets (Miskelly, 1993). Diverse 
cooking styles and preparation methods then emerged. At that time, noodles began to be 
served in diverse forms: boiled, braised or fried, served in soup, as a side dish, with 
additional toppings (namely gravy) or as a thin sheet to wrap other ingredients such as 
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‘gyoza’ or ‘wanton’. By the Yuan Dynasty period (1271-1368 A.D), noodles became 
available in the dried form. This development provided extended shelf-life and the 
ability to retain size and shape during distribution, thereby facilitating storage, 
packaging and shipping. Noodles soon were spread across Asian to Korea, Japan, 
Philippines, Thailand, Malaysia and Indonesia by Chinese traders, seafarers and 
migrants (Miskelly, 1993). With the introduction of noodles to other Asian countries, 
different types of products developed due to varying regional preferences.  
 
Noodles are a traditional food widely consumed throughout Asia. In the past, they were 
made within the home for consumption by the household. Today they remain a staple of 
Asian diets and, with improved food technology, offer variety, versatility and high 
nutritional quality. Noodles are readily available and can be purchased in a variety of 
forms including fresh, cooked or processed for longer shelf life. Due to their ease of 
preparation, noodles are now considered as a convenient fast food. There are many 
approaches used to classify noodles but the most common ways are either based on a) 
processing methods or b) raw materials used.  
 
Depending on the processing methods adopted, noodles can be categorised as fresh, 
dried, boiled, steamed and instant types. For all of these noodles, the primary steps are 
similar, involving mixing of ingredients (wheat flour, salt and water), resting, sheeting 
and cutting. Noodles that are sold directly after being processed in this way are known 
as fresh noodles. These are usually dusted with starch or fine flour immediately after the 
cutting process to prevent the strands from sticking to each other during handling and 
transportation. Noodles can also be processed further by drying, boiling, steaming and 
frying.  
 
Dried noodles are produced from raw wet noodles that have undergone a controlled 
drying process, whereas boiled noodles are precooked in boiling water. Steamed 
noodles are produced by treating fresh noodles with steam. “Instant” type noodles are 
prepared first by steaming the noodles and thereafter dehydrated and this typically is 
achieved by a deep frying process. The processes involved in manufacture of different 
types of noodles are shown in Figure 2.1. 
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Fig. 2.1 Processing steps used in noodles making 
Note Adapted from Nagao (1996) and Hoseney (1994) 
 
Alternatively, noodles can be classified on the basis of the raw materials used and two 
types have been widely recognised in the literature: WSN and YAN. The main 
difference between these is the use or presence of alkaline salts in the formulation. In 
the case of alkaline noodles, solutions of sodium carbonate, potassium carbonate, 
sodium bicarbonate or sodium hydroxide, commonly known as lye water or “kan sui” 
are added (Crosbie & Ross, 2004). Therefore, depending on the presence or absence of 
alkaline salts, noodles can be classified as non-alkaline (WSN or commonly known as 
“udon” in Japan) or alkaline. The characteristics of WSN and YAN are further 
described in Sections 2.5.1 and 2.5.2. Section 2.5.3 then features the instant noodle, a 
relatively new type of Asian noodles. 
 
Asian noodles are not made exclusively from wheat, with many being made from rice, 
buckwheat and starches derived from mung bean and potato. However, Asian noodles 
are made primarily from bread wheat flour, T. aestivum (Small, 2003). In this thesis, the 
term Asian noodle is used to refer to wheat flour noodles unless otherwise stated. 
 
2.5.1 White salted noodles (WSN) - Japanese noodles 
 
Among the types of Asian noodles which are prepared without alkaline ingredients, 
udon is an example of a popular form of WSN. These are generally prepared from a 
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dough made using flour and water with 2-8% salt (based on flour weight). Cooked 
WSN typically have a bright, creamy colour and a smooth, glossy surface appearance. 
The noodles are soft, with slight surface firmness and are elastic (Crosbie, Huang, & 
Barclay, 1998; Nagao, 1996). The WSN can be segregated into four varieties (based on 
the size of noodle strands): very thin (So-men), thin (Hiya-mugi), standard (Udon) and 
flat (Hira-men). The strand widths are 1.0-1.2, 1.3-1.7, 2.0-3.9 and 5.0-7.5mm, 
respectively (Fu, 2008) and Figure 2.2 shows the typical appearance of these types of 
WSN. 
 
 
Somen Hiya-mugi 
 
 
Udon Hira-men 
 
Fig. 2.2 The appearance of some common forms of WSN 
Note Sourced from Google images  
 
Studies have identified protein content, protein quality and starch quality as important 
factors contributing to texture in WSN (Huang, 1986; Konik, Miskelly, & Gras, 1992; 
Oda, Yasuda, Okazaki, Yamauchi, & Yokoyama, 1980; Oh, Seib, Ward, & Deyoe, 
1985a; Rho, Seib, Chung, & Deyoe, 1988). Wheat quality requirements for Japanese 
udon include medium dough strength, high swelling starch and a wheat protein level of 
around 10.5% to yield a flour typically having 9.0-9.5% protein (Crosbie et al., 1998). 
 
2.5.2 Yellow alkaline noodles (YAN) – Chinese noodles 
 
The use of alkali in noodles originated in the Canton and Hokkien provinces of southern 
China. The weather in that region is typically hot and humid, and the alkaline salts in 
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the noodle formulae serve to extend noodle shelf life by inhibiting mould growth (Fu, 
2008). 
 
YAN are prepared from a mixture of flour, water, sodium chloride and alkaline salts 
(such as sodium and potassium carbonates as well as sodium hydroxide). The 
incorporation of alkaline agents increases the pH of these products to values in the range 
of 9 to 11 depending on the salts used and their ionic strengths (Miskelly, 1996). 
Alkaline noodles have a characteristic aroma and flavour, a clear yellow colour and 
firm, elastic texture as well as smooth surface (Fu, 2008; Miskelly, 1996). These 
noodles are yellow in colour due to the detachments of flavone-C-diglycosides from 
starch under alkaline pH (Asenstorfer, Wang & Mares, 2006). Chinese wet noodles, 
Thai bamee, Hokkien noodles, Cantonese noodles and instant noodles fall into this 
category (Hou & Kruk, 1998). 
 
Flour protein levels required for different types of alkaline noodles range between 10 
and 12%. The highest protein levels are used for types such as Japanese ramen and 
Cantonese noodles whereas Hokkien noodles are usually prepared from flour of 10.0-
10.5% protein content (Crosbie, et al., 1998). 
 
There are many different types of alkaline noodles (Figure 2.3) and the most popular 
types are fresh (Cantonese style), partially boiled (Hokkien style) and Wonton noodles 
(steamed with egg as an ingredient). The principal factors governing the eating quality 
of YAN are protein content, dough strength and starch paste viscosity (Crosbie & Ross, 
2004). Other researchers have also studied the effects of starch pasting and protein 
quality (Akashi, Takahashi & Endo, 1999; Bhattacharya & Corke, 1996) along with the 
effect of various alkaline conditions on the rheological properties of wheat flour dough 
(Moss, Miskelly & Moss, 1986; Shiau & Yeh, 2001). 
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Hokkien noodle Wonton noodle Shanghai noodle 
 
Fig. 2.3 The appearance of some common forms of YAN 
Note Sourced from Google images  
 
2.5.3 Instant noodles 
 
Instant noodles were first introduced commercially in Japan circa 1958 and from there 
the product rapidly spread to Korea and other Asian countries. Today, instant noodles 
are consumed in more than 80 countries and of the many types of noodles, instant 
noodles are the fastest growing sector due to their ease in preparation and convenience. 
Market research has indicated that global consumption reached more than 65 billion 
units (instant noodle) in 2003 and was estimated to reach 100 billion units in 2010 
(Kyaw, 2007). 
 
Instant noodles are different from other noodles by virtue of additional processing steps 
of steaming, frying or drying. These products can either be steamed and dried (instant 
dry noodle) or steamed and fried (instant fried noodle). In this present study, the term 
instant noodle is used to refer to deep-fried instant products unless otherwise specified. 
The common forms of instant noodles are presented in Figure 2.4. 
 
 
 
Fig. 2.4 The appearance of some common forms of instant noodles 
Note Sourced from Google images  
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The additional processing of steaming and deep frying gives instant noodles a 
distinctive flavour and texture (Rho, Seib, Chung, & Chung, 1986) with the latter being 
described as rubbery, firm or smooth (Kubomura, 1998). While the primary ingredients 
of instant noodles are wheat flour, water and alkaline salts, other ingredients may be 
incorporated into the formulations in order to enhance the structure, texture and flavour. 
Instant noodles are relatively low in moisture content (5-8%) (Kim, 1996) and have long 
shelf-life of 4 to 6 months (Miskelly, 1993). Instant fried noodle have relatively high fat 
content (~15-22%) compared to instant dried noodle (1-3%) (Crosbie & Ross, 2004). 
Both types are fast cooking, requiring only 2-3 minutes of boiling or rehydration by 
addition of boiling water.  
 
Instant noodles are commonly sold in either a polyethylene bag or in a Styrofoam cup or 
bowl with a peelback aluminium cover. Cup instant noodles have very thin strands to 
facilitate rapid rehydration and are readily served after pouring hot water into the cup 
and resting for 1-2 minutes. Bag-types of instant noodles generally have medium 
thickness and are square or round strands in shape (Kim, 1996). In all of these cases, 
soup base is included as a separate sachet. 
 
For the purposes of the current research, instant noodle was considered to be an 
appropriate product for investigation within the context of utilisation of the increasing 
tonnages of low protein content wheat flours. This has been particularly based on these 
three factors: 
 
a) Among the three types of noodles mentioned above, only YAN and instant 
noodles are made from high protein wheat flour milled from harder grained 
wheats. WSN are typically produced from lower protein wheat flour and may 
encompass grains having a range of hardness characteristics; 
b) Although there have been various studies on the traditional styles of Asian noodles 
there has been relatively limited research on instant fried noodles; and 
c) Instant noodles have now been accepted worldwide, having a high consumption 
pattern and showing continued potential for growth globally. 
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2.6 Summary and overview of introduction 
 
There are several long term problems confronting the Australian and global wheat 
industry. These include the reduction of protein levels in wheat grades (due to the 
higher yield of newly released wheat varieties and declining soil fertility), lower 
tonnages of high grade wheat and the reduction in dough strength in some of the 
premium wheat grades (AWB, 2006). 
 
Asian noodles represent a major end use of wheats globally and also of Australian 
wheat production. The various types of product can be distinguished from the 
processing methods and raw ingredients used. Although there is increasing evidence 
regarding the significance of flour characteristics and ingredient formulation upon 
product attributes, there is relatively little information on the effects of additional raw 
ingredients and processing conditions to enhance the consumer appeal of instant 
noodles. 
The gap between this popular food and the relatively limited published research in 
instant noodles provides an opportunity for the Australian wheat industry and learning 
institutions to forge ahead technologically, in tandem with the global consumer market. 
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Chapter 3 
 
Background and literature review:   The impact of raw 
ingredients and processing conditions on quality of instant 
fried noodles 
 
 
 
This chapter provides reviews of the effects of a) the primary raw ingredients, b) 
optional raw ingredients, and c) processing conditions in preparing Asian noodles. This 
includes the common raw ingredients (wheat flour, salts and water) as well as selected 
optional raw ingredients, (enzymes, emulsifiers, starches and gums) which may be 
added to enhance eating quality. The mixing, resting, compounding, sheeting, cutting, 
steaming and frying processes are also detailed in this chapter. 
 
3.1 Introduction to instant noodles  
 
Instant noodles are one of the main staple foods consumed in Asian countries and 
worldwide consumption is on the rise. As the economies of the Asia-Pacific region 
become increasingly developed, consumer expectations for the food they consume, 
including that of instant noodles, will increase. There are various ways to describe 
noodle quality. According to Fu (2008), high quality noodles should be bright in colour 
with very little discolouration, have an adequate shelf life without visible 
microbiological deterioration or oxidative rancidity and have appropriate flavour and 
textural characteristics. 
 
3.2 Raw ingredients for instant noodles 
 
The main raw ingredients for making instant noodles are wheat (T. aestivum) flour, 
water, common salt (sodium chloride) and alkaline salts (typically sodium and 
potassium carbonates). It is critical that these raw materials possess appropriate and 
adequate functional as well as processing properties in order to produce a quality 
product. Sections 3.2.1 to 3.2.6 below examine the functional and processing properties 
of these raw ingredients. 
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Additional materials (regarded as additives or processing aids), such as enzymes, 
emulsifiers, starches and gums, are often included in the noodle formulation to enhance 
the end product quality. Section 3.2.7 addresses how these specifically impact on 
noodle quality. Most of the literature reviews on the impact of raw ingredients and 
processing conditions are carried out on traditional types of Asian noodles (WSN and 
YAN) unless otherwise specified. 
 
3.2.1 Wheat flours 
 
Wheat flour quality appears to be the major influence on noodle eating attributes 
(Crosbie & Ross, 2004; Huang, 1986; Konik et al., 1992; Oda et al., 1980; Oh et al., 
1985b; Rho et al., 1988). For each different type of noodle, flours meeting specific 
criteria are essential. Understanding the different wheat flour characteristics and how 
these impact on the prepared instant noodles, is therefore an important aspect of 
research. An appreciation of this subject will assist in screening and selecting the 
suitable flour type. 
 
Commercial instant noodles from various parts of the world are made from flours 
having a wide range of characteristics. These differences are partly due to the type of 
wheat available and consumer preferences in the particular region. Table 3.1 presents 
the most common wheat origins and classes used in oriental noodle production. 
 
Wheats for noodles should be sound, dry and clean as wheat that has sprouted or disease 
damaged kernels will affect the end product quality. In addition, wheat should be well-
filled, of good appearance and not spoilt by weather (Fu, 2008). Other researchers have 
highlighted bran colour, kernel hardness, protein content, dough strength and starch 
pasting properties as major quality criteria for noodle wheats (Crosbie & Ross, 2004; 
Hou, 2001). 
 
The execution of correct milling procedures is also critical to ensure the resulting 
noodle flour has a bright colour, maintaining low ash content, a low level of damaged 
starch and fine particle size. Wheat flour affects end product eating quality and two 
areas are of significance: texture and appearance properties, which are now described. 
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Table 3.1 Wheat origins and classes generally used in oriental noodle production 
 
Origin Classes of wheat  
USA Hard red spring (HRS) 
Hard red winter (HRW) 
Hard white (HDWH) 
Australia Australian prime hard (APH) 
Australian hard (AH) 
Australian premium white (APW) 
Australian standard white (ASW) 
Canada  Canada western red spring (CWRS) 
Canada western red winter (CWRW) 
Canada prairie spring red (CPSR) 
Canada prairie spring white (CPSW) 
Note  Source of data used was Hou (2001) 
 
Flour and noodle texture 
Studies on the protein content of commercial instant noodles show that the protein 
levels ranged from 8.5 to 12.5% (Fu, 2008). This variation is due to the different classes 
of wheat and milling procedures used by the various flourmills and has an influence on 
the texture of the noodles. The composition of wheat flour includes protein, starch, 
moisture, ash, fibre and minerals. Among these, protein and starch contents are the two 
principal components in the flour which have a major impact on the noodle texture. 
 
Protein content of flour plays an important role in determining the firmness of instant 
noodles and high protein flour tends to produce firm texture. Further studies by Crosbie 
and Ross (2004) reaffirm earlier studies that flour characteristics, particularly protein 
and starch content, affect noodle texture. In addition, high protein content has been 
found to negatively affect instant noodle colour and fat absorption, but improves 
firmness and elastic texture of the cooked products (Hou, 2001; Park & Baik, 2004). 
These conflicting attributes of protein indicate the importance of choosing the right 
flour having a suitable protein content for instant noodle production. 
 
Starch pasting properties to the texture of cooked noodles has been well-documented 
(Crosbie, 2005). The inherent pasting viscosity is important as the texture of noodles 
depends largely on gelatinised starch. Flour manufactured from wheat which has high 
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starch paste viscosity is associated with noodles having the best eating quality. 
Generally, noodle manufacturers prefer flour with low gelatinization temperature which 
results in rapid hydration during cooking (Fu, 2008). However, increased starch damage 
during the milling process is not desirable, because it may be associated with high 
cooking loss, excessive surface swelling and poor noodle colour (Hatcher, Anderson, 
Desjardins, Edwards, & Dexter, 2002). 
 
Flour and noodle appearance  
Flour extraction levels, ash contents, the enzyme polyphenol oxidase (PPO), weather 
damage and wheat variety have been found to influence noodle appearance (Fu, 2008). 
Higher flour extraction levels generally lead to duller noodles with higher propensity to 
darken during dough processing. This is due to increased incorporation of bran particles 
into the flour and will be seen as visible specks in both the raw and boiled noodles 
(Crosbie & Ross, 2004). When dough sheets or strands are held for long periods before 
steaming, the specks become darker and more apparent due to the effects of PPO.  
 
According to Miskelly (1984) and Fu (2008), noodle brightness is inversely 
proportional to flour protein content. On the other hand, xanthophyll pigments in the 
flour have a significant effect on the colour of raw and cooked noodles (Crosbie & 
Ross, 2004). In order to obtain cooked noodles that are clean and have a bright 
appearance, wheat milled to provide a low flour extraction rate and therefore having low 
ash levels are highly preferred. Ash content represents the level of different mineral 
salts found in noodles.  
 
In addition, the use of flour milled from wheat which has been subjected to preharvest 
sprouting (germination) may result in a grey noodle colour that adversely affects eating 
quality of instant noodles. Hence, wheat flours used for noodle manufacture should have 
clean separation of bran and endosperm.  
 
3.2.2 Buckwheat flour 
 
Buckwheat flour is another type of flour which can be blended at rates of between 10-
40% with wheat flour to make buckwheat noodles - Soba noodles (Figure 3.1), which 
are one of the important parts of Japanese and Korean cuisines. 
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Fig. 3.1 Soba noodles 
Note Sourced from Google images 
 
It is noted that, despite the inclusion of wheat in the name, buckwheat is not a cereal or 
grass and this species is classified within the Polygonaceae family. Buckwheat proteins 
are known for their well-balanced amino acid content (Ikeda & Asami, 2000) and are 
particularly rich in the essential types (e.g. lysine and arginine). In addition, several 
flavonoids have been identified in buckwheat flour, i.e. rutin, quercetin, quercitin, 
kaempferol, orientin/isoorientin and vitexin/isovitexin (Cai, Corke, & Li, 2004). These 
flavonoids were found to be effective in reducing blood cholesterol levels, keeping 
capillaries and arteries strong and flexible, improving blood microcirculation and 
protecting against rupture of blood vessels and the formation of clots (Cai et al., 2004; 
Griffith, Couch, & Lindauer, 1994). These flavonoids also demonstrated antioxidant, 
antimicrobial and anti-inflammatory activities (Cai et al., 2004).  
 
According to Lin, Liu, Yu, Lin and Mau (2009), buckwheat enriched food can provide 
beneficial health effects and prevent food from oxidation during processing. This was 
claimed to be due to natural antioxidant properties of rutin which has been found to 
inhibit lipid peroxidation within the food.  
 
3.2.3 Water 
 
Water is an important raw ingredient during instant noodle production. It should be 
clean, without taste or odour, free from microorganisms and contain low levels of 
minerals (Hou, 2001). 
 
Among the roles of water is to facilitate molecular interactions during processing. 
Hence, soluble ingredients are usually dissolved in water before mixing is commenced. 
Water also provides the necessary medium for the physicochemical and biochemical 
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reactions that underlie the transformation of raw materials into finished products (Fu, 
2008). Water is required to hydrate the flour and develop it into a dough, reflecting the 
fact that without water, the gluten proteins in the flour cannot exhibit viscoelastic 
properties. The amount of water added is important so as to hydrate the flour and 
develop a uniform dough sheet, yet not so excessive as to cause stickiness leading to 
handling and sheeting problems. These are due to too much development of the gluten 
during dough mixing. Insufficient addition of water usually causes streaky dough and 
sometimes flaking on the surface of the dough sheet. The resultant noodle strands are 
weak and easy to break during drying because of the presence of noncohesive zones 
(Hou, 2001). 
 
The water absorption level for noodle processing is between 30-38% based on flour 
weight (Fu, 2008). Dough with less than 35% water content exhibits resistance, requires 
more kneading and takes much longer to form. Water absorption has been shown to 
affect wet and dry strength (Oh, Seib, Finney, & Pomeranz, 1986) as well as noodle 
colour (Hatcher, Kruger, & Anderson, 1999; Oh et al., 1986). It was highlighted that 
cooking time shortened with increasing water absorption, but with minimal effect on the 
textural attributes of cooked alkaline noodles (Hatcher et al., 1999). 
 
3.2.4 Salt 
 
Salt (sodium chloride) is another important raw ingredient in instant noodle processing 
and the amount added is usually 1-3% of flour weight (Miskelly, 1998). Fu (2008) 
underscored three principal functions of salt:  
 
a) Strengthening and tightening effect on the gluten of dough.  
Salt inhibits proteolytic enzyme activities and significantly improves sheeting 
properties of dough, especially at high water absorption levels. 
b) Flavour enhancing and texture improving effects.  
Salt enhances flavours including imparting greater fullness to “mouth feel”, masking 
possible off-tastes and improving the flavour balance. Noodles with added salt have 
a shorter cooking time and a softer but more elastic texture than those without salt. 
c) Inhibition of enzyme activities and the growth of microorganisms.  
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Salt slows down the oxidative discolouration process and spoilage under high 
temperature and humidity environments, thereby extending the shelf life of noodles. 
 
Other impact of salt includes affecting the rate of drying where moisture evaporates 
more slowly in noodles with high salt content. 
 
3.2.5 Alkaline salts 
 
The most commonly used alkaline salts are sodium carbonate and potassium carbonate. 
Depending on local preference a combination of both alkaline salts may be used. Other 
alkaline agents, including sodium hydroxide and bicarbonates are also used in some 
countries. For instant noodles, approximately 0.2% alkaline salts by flour weight are 
added (Miskelly, 1998). The purpose of this addition is to modify dough, processing 
and starch properties.  
 
Noodle dough becomes tougher, tighter and less extensible with the addition of alkaline 
reagents. These changes in dough properties are due to the impact of alkaline pH levels 
which influence the behaviour of the gluten proteins. These have a significant impact on 
the processing properties and texture of the final products. Addition of alkaline reagents 
also increases water absorption potential of noodle dough. During sheeting, dough with 
alkaline salts have been found to be less extensible and more difficult to compress (Fu, 
2008).  
 
It has also been reported that the addition of different types of alkali react differently on 
gluten and starch properties. Sodium hydroxide has a more substantial effect on starch 
gelatinization than sodium carbonate, even to the extent of inducing gelatinization of 
starch at room temperature (Crosbie & Ross, 2004).  
 
The degree of yellowness in noodles depends on the amount of alkaline reagent added 
and type of alkali used. Noodles made with potassium carbonate have a greenish yellow 
hue and are less reflective compared to those made with sodium carbonate. The addition 
of sodium hydroxide produces noodles which are more yellowish, brighter and showing 
less discolouration over time (Fu, 2008). The yellowish colour associated with noodles 
is attributed to the presence of natural flavanoid pigments in flour, which are colourless 
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at acidic pH levels, but turn yellow at alkaline pH levels (Asenstorfer, Wang, & Mares, 
2006; Miskelly, 1998). 
 
3.2.6 Frying oils 
 
Oils are used to fry instant noodles after the steaming process and several researchers 
have investigated the oil specifications used in instant noodle preparation. Fu (2008) 
identified oil colour, flavour, free fatty acids, peroxide number, iodine number, melting 
point and smoke point as the main considerations. Chen (1994) also specified several oil 
criteria to produce quality noodles: 
 
a) Be bright, white and unadulterated; and should not exhibit an unpleasant odour 
and taste, or unacceptable appearance (dark colour and foaming); 
b) Have good thermal stability, i.e. minimal thermal oxidation and polymerization; 
slow changes in darkening, taste, viscosity increase and acid value; 
c) Have a high smoke point (> 200°C); and 
d) Should drain readily from the products. 
 
Some types of oils that meet these criteria are those from palm, corn, peanut and sesame 
as well as palm olein (Hou, 2001). Palm oil and palm olein are commonly used in Asia, 
as these are readily available and have good frying performance, heat stability and 
relatively low cost (Fu, 2008). In North America, a mixture of canola, cottonseed and 
palm oils are commonly used. 
 
During frying, the quality of oil deteriorates due to a series of chemical reactions: 
thermal oxidation produces volatile and non-volatile decomposition products. These by-
products increase with prolonged heating, leading to sensory failures and food safety 
concerns. Frying oil with good heat stability is therefore preferred. In addition, non-
refined oils should be avoided as these can introduce undesirable flavours or result in 
noodles that are darker in colour. 
 
Deep-fried instant noodles are widely preferred by consumers due to their excellent 
flavour, convenience and ease of preparation. However, instant noodles have high 
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residual oil content (approximately 15-22% of the total weight of the final product). 
Concerns have been raised due to the presence of oil-derived compounds and their 
potential health impact (Saguy & Dana, 2003). Excessive lipid consumption is 
correlated with obesity, cardiovascular disease and other health disorders. 
 
3.2.7 Additional ingredients 
 
Additional ingredients may be added to instant noodle formulations to enhance the end 
product eating quality, appearance and shelf life. These may include enzymes, 
emulsifiers, gums, starches, antioxidants and colourants. 
 
Enzymes  
Several enzymes have been specifically developed for use in noodle production, namely 
lipase, lipoxygenase and transglutaminase. Lipases that produce monoglycerides and 
other lipid species in situ, have been developed commercially to reduce surface 
stickiness, increase firmness and cooking tolerance of noodles in a similar fashion to the 
use of monoglycerides (Crosbie & Ross, 2004). Subsequent research using soybean 
lipoxygenase resulted in reduced discolouration in white salted noodles (Cato, Halmos, 
& Small, 2006). 
 
Transglutaminase, which has the ability to form glutamyl-lysine cross-links in gluten, 
has been found to increase break strength in uncooked dried noodles as well as to 
produce firmer boiled noodles. The incorporation of microbial transglutaminase 
(MTGase) have also been claimed to increase the strength of various noodle products 
(Gan, Ong, Wong, & Easa, 2009; Motoki & Seguro, 1998; Wu & Corke, 2005) and 
prevent deterioration in texture after cooking, even when low-grade or insect damaged 
wheat flours were used (Motoki & Seguro, 1998).  
 
Emulsifiers 
Emulsifiers have been routinely used in bread but only recently in pasta and noodles 
products. They are surface active compounds which posses both lipophilic and 
hydrophobic properties. Among the common emulsifiers are sodium stearoyl lactylate 
(SSL), lecithin, diacetyl tartaric (acid) ester of monoglyceride (DATEM), 
monoglyceride (MG) and sucrose fatty acid ester (SFAE). SSL is used to modify dough 
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sheeting and handling characteristics, as well as to restrict starch swelling during 
cooking. During the extrusion process, noodles with SSL showed improved tensile 
strength, cutting force and elasticity. However the addition of lecithin, MG or SFAE 
showed negative impact on the strength of extruded noodles (Shiau, 2004). Research by 
Matsuo, Dexter, Boudreau and Daun (1986) indicated that MG can be used to decrease 
the surface stickiness of cooked spaghetti. Emulsifiers (i.e. glycerin fatty ester, sucrose 
fatty ester and lecithin) can be used to improve texture and structure, prevent foaming in 
the noodles and improve cooking quality. 
 
Starch 
Starch is widely used in food and industrial applications as a thickener, colloidal 
stabiliser, gelling agent, bulking agent and water retention agent (Singh, Kaur, & 
McCarthy, 2007). To achieve desirable noodle texture, starch is incorporated at levels of 
5-15% of flour weight. There are two main categories of starch, namely native starch 
and modified starch. 
 
Native starches (potato and tapioca) are less preferred by manufacturers due to their 
lack of stability under many of the conditions of high temperature, shear, pH and 
refrigeration commonly applied during food processing (Liu, Ramsden, & Corke, 1999), 
as these may leads to undesirable changes in product texture. To overcome these 
problems modified starches (for example acetylated starch) are widely used. The 
positive characteristics of acetylated starches are low gelatinization temperature, high 
swelling and solubility as well as stability under freeze-thaw conditions (Liu et al., 
1999). 
 
Research on rice starch has indicated that acetylation increases solubility, swelling 
power and viscosity but decreases gelatinization temperature (Jae, Jung, & Man, 1993). 
Similar conclusions were drawn for acetylated starches from cassava (Aiyeleye, 
Akingbala, & Oguntimein, 1993; Moorthy, 1985) and Tiquisque (also known as blue 
taro, Xanthosoma violaceum; Pereira-Pacheco et al., 1994). Fang (1999) noted that 
acetylated potato starch can be used to enhance noodle elasticity. Chen, Schols and 
Voragen (2003) demonstrated that in WSN formulations when up to 20% of wheat flour 
was replaced with acetylated starches (prepared from potato or sweet potato), cooking 
loss decreased, while the softness, stretchability and slipperiness increased significantly. 
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Gums  
Gums are multifunctional ingredients that provide flexibility, functioning as fat 
replacers, water binders, texturisers and providing adhesiveness (Gurkin, 2002). There 
are a variety of gums available that have current or potential application in noodles. 
These include guar, locust bean, alginates, carrageenans, xanthan, gellan and cellulosic 
gums. Gums are commonly applied to make noodles firmer, increase water-holding 
capacity in pre-boiled noodles, increase freeze-thaw stability and reduce ice crystal 
formation in frozen noodles as well as reducing fat uptake in fried noodles (Crosbie & 
Ross, 2004). 
 
When choosing a gum, the viscosity, ease of hydration and mesh (or particle) size is 
important and are crucial factors in some noodle formulations because of the low water 
additions used. As a rule, gums should be fully hydrated prior to addition to the flour 
(Crosbie & Ross, 2004; Fu, 2008). Gums are added in low amounts often ranging from 
0.5 to 1.5% of flour weight. 
 
A range of studies on fried foods incorporating gums has shown the reduction of fat 
uptake. Among the approaches have been the use of film forming agents (Olson & Zoss, 
1985), powdered cellulose derivatives and alginates (Pinthus, Weinberg, & Saguy, 
1993) as well as sodium carboxymethyl cellulose (CMC) (Priya, Singhal, & Kulkarni, 
1996). Follow up studies have confirmed the role of CMC in reducing fat content and 
fat uptake in various batters and coatings (Annapure, Singhal, & Kulkarni, 1999; Priya 
et al., 1996) during frying. 
 
Colourants  
The presence of natural and synthetic colourants enhances noodle colour (Miskelly, 
1998). Colourants are dissolved in the brine solution prior to use and should be chosen 
in accordance with the relevant food regulations (Hou, 2001; Miskelly, 1998). 
Commonly used alternatives include riboflavin, tartrazine, sunset yellow, ß-carotene 
and vitamin E. ß-Carotene is often used in udon (white salted noodle) to provide a 
creamy yellow colour, whereas riboflavin and tartazine are added to Hokkien (YAN) 
and ramen noodle formulations to enhance the yellow colour (Crosbie & Ross, 2004). 
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Antioxidants  
Fried instant noodles have a high fat content of between 15-22%. This may result in 
oxidative rancidity and is a major factor limiting product shelf life (Hou, 2001). In order 
to overcome this problem, antioxidants including butylated hydroxytoluene (BHT), 
butylated hydroxyanisole (BHA), mixtures of BHT and BHA as well as tocopherol 
(vitamin A) are often added into frying oil to inhibit oxidation. Research on the addition 
of 200 ppm of BHA, TBHQ or polymerised BHA (Poly-A) in palm oil have shown that 
BHA and Poly-A had approximately doubled, while TBHQ tripled, the shelf life of fried 
noodles (Rho et al., 1986).  
 
Other additional raw ingredients may include wheat gluten and dehydrated whole egg. 
Wheat gluten (1-5% based on flour weight) can be used to enhance the texture of 
Japanese buckwheat (soba) and Chinese noodles. Dehydrated whole egg powder may be 
used at 0.5–2.0% (based on flour weight) to prevent bubbles from forming in the 
noodles (Kim 1996; Kubomura 1998; Shin & Kim 2003). 
 
3.3 Instant noodles formulation and processing conditions  
 
A comprehensive review of the literature indicates there has been a considerable amount 
of research on Asian noodles generally, however there is comparatively little 
experimental data specifically on formulating and processing of instant noodles. Table 
3.2 lists the available instant noodles formulations and processing conditions described 
in past research publications. 
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Table 3.2 The formulation and processing conditions for making instant noodles 
 
No. Formulation  Processing condition  Reference  
1 Wheat flour (1 kg, 14% mb) 
Brine solution (5.7% w/v NaCl) 330 mL 
 Mixed for 1 min (low speed) to include brine solution 
followed by 4 min (medium speed) mixing. 
 Rested for 10 min, sheeted for 8 times before cutting.  
 Steamed for 5 min and fried for 70 s at 180°C. 
Rho et al. (1986) 
 
 
2 Wheat flour (100 g, 14% mb) 
Water - optimum water absorption 
Salt 1.71% 
Potassium carbonate 0.09% 
Sodium carbonate 0.09% 
 
 Mixed for 4 min then passed through the rollers of 
noodle machine at 8 rpm at a 3 mm gap. 
 Folding and sheeting steps were repeated twice. 
 Rested for an hour then put through the sheeting rollers 
6 times at progressively decreasing gap. 
 Steamed at atmospheric pressure for 3 min and fried in 
vegetable oil at 148 °C for 1 min. 
Park and Baik (2004) 
 
 
3 Wheat flour (100%) 
Water 27.3-40.7% 
Salt 1.5%  
Potassium carbonate 0.05% 
Sodium carbonate 0.05% 
Gum 0-0.37% 
Starch 0-9.2% 
 Mixed intermittently for 1 and 3 min. 
 Followed by sheeting and cutting steps. 
 Steamed at 100°C for 2 min followed by frying at 150°C 
for 2 min. 
Yu and Ngadi (2004) 
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Table 3.2 The formulation and processing conditions for making instant noodles continued 
 
No. Formulation  Processing condition  Reference  
4 Wheat flour (150 g, 13.5% mb) 
Water 48 mL 
Salt 2.25 g  
 Mixed by hand for 5 min. 
 The crumbly dough was sheeted through the first roll 
gap four times and folded in half. 
 The dough was cut into 4 pieces and rested for 15 min. 
then reduced to final thickness 1.6 mm by 5 successive 
passes. 
 Rested for another 30 min then cut into noodle strand. 
 Steamed at atmospheric pressure for 5 min and fried 
with palm oil at 145°C for 90 s.  
Wu, Aluko and Corke 
(2006) 
 
 
5 Wheat flour (200 g) 
Water 60 g 
Potassium carbonate 0.2 g 
 
 Mixed intermittently for 1 and 4 min. 
 Followed by sheeting, folding and cutting steps. 
 Steamed for 2 min over vigorously boiling water. 
 Fried with palm oil at 150°C for 45 s. 
Bui and Small (2008) 
 
 
6 Wheat flour (300 g) 
Water 105 g 
Salt 3 g 
Potassium carbonate 0.36 g 
Sodium carbonate 0.24 g 
 Mixed intermittently for 1 and 4 min. 
 After mixing, the resultant dough was formed into 
dough sheet by a process of folding and passing through 
the rollers of pasta machine.  
 The combined sheet was rested for 30 min.  
 The dough sheet was further reduced stepwise between 
the pasta rollers then followed by cutting step. 
 Steamed over boiling water for 2 min then fried with 
150°C palm oil for 45 s. 
Hau Fung Cheung, 
Hughes, Marriott and 
Small (2009) 
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3.4 Processing conditions during preparation of instant noodles  
 
Hou (2001) mentioned that despite the large variations in formulation, size and shape of 
noodles, the process to form the strands is remarkably constant for different types of 
noodles. The quality of these products is affected by the proportion of raw ingredients 
(flour, water and salt) and the processing conditions, namely mixing time, sheeting (roll 
speed and reduction percentage in roll gap), steaming and frying. Whilst these processes 
are critical in industrial production, these factors have not been frequently emphasised 
during laboratory observations. Early studies demonstrated the impact of raw 
ingredients and the following sections will review the existing literature on the 
significance of varying processing conditions, thereby identifying specific areas 
requiring investigation. 
 
3.4.1 Mixing  
 
Dough mixing is the first step in instant noodle processing and the extent of mixing has 
a critical impact on instant noodle quality. The mixing time is generally between 10-15 
min and is often carried out in a horizontal or vertical mixer. The horizontal mixer is 
commonly used commercially as it produces better mixing results (Hou, 2001). A 
moderate mixing speed is adopted so as not to cause a breakdown of gluten and 
denaturation of wheat protein. The linear velocity of the blade is usually set at 2-3 m/s 
(Huang, 1996). 
 
During the mixing step, ingredients are mixed to allow even moisture distribution 
among flour particles, protein, starch and other biological components. This leads to 
formation of dough with a homogenous internal structure. Since water addition is 
relatively low (28-35%) in noodle processing, there is little gluten development during 
this step (Hou & Kruk, 1998; Kim, 1996). Lower water absorption helps to slow noodle 
discolouration and reduces the amount of water needing to be removed during the final 
frying process (Hou, 2001).  
 
At these low levels of water addition, the resultant dough consists of crumbs rather than 
the coherent form of a typical breadmaking dough. After mixing of a noodle dough the 
typical size of dough crumbs is affected by flour particle size and distribution, flour 
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protein content and starch damage level. Mixing should result in formation of a crumbly 
dough with small and uniform particles that are uniformly coloured without any pockets 
of dry flour (Hou, 2001; Kim, 1996). Flour of high protein content and/or high level of 
starch damage tend to produce large dough crumbs that are often uneven in hydration, 
wet outside and dry inside (Azudin, 1998). Small crumb size is preferred as this results 
in a uniform structure and the development of gluten during subsequent sheeting so that 
the dough sheet is smooth and uniform. The crumbly dough should also form a ball 
when pressed together in the hand but separate into granules when gently rubbed 
(Huang, 1996). 
 
Past research work has highlighted that the mixing process can be influenced by other 
factors particularly the quality of flour (Dreese, Faubion, & Hoseney, 1988), the volume 
of water added (Létang, Piau, & Verdier, 1999), the amount of sodium chloride used 
(Angioloni & Dalla Rosa, 2005) as well as the mixing and resting times of the dough 
(Létang et al., 1999).  
 
Vacuum mixers have been widely adopted as these minimise gluten damage during 
subsequent sheeting, combining and rolling operations. This directly increases product 
yield of raw noodles and reduces boiling or steaming times (Crosbie & Ross, 2004). It 
has also been shown that when vacuum mixing is applied, higher moisture (36-40%) is 
required in the formulation (Wu, Kuo, & Chen, 1998).  
 
3.4.2 Resting 
 
Dough resting is the second stage and is a process that allows the dough crumbs to 
“rest” for between 20-40 min before sheeting. This step accelerates further hydration of 
flour particles and allows water to redistribute in the dough system. Resting also 
facilitates gluten formation so that a smoother and less streaky dough sheet can be 
produced (Hou, 2001). The rest period allows for relaxation of the gluten structure and 
minimises damage during subsequent reductions in sheet thickness. Studies have shown 
that “rested” noodle dough had a more continuous protein matrix, fewer airspaces and 
less protein contraction on the sheet surfaces. Ultimately the extent to which the protein 
matrix is developed determines the eating quality of the noodles (Crosbie & Ross, 
2004). 
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3.4.3 Compounding and sheeting  
 
The third stage is dough sheet formation, where the dough crumbs are formed into a 
dough ball which is then flattened and passed through two rotating rollers. The dough 
sheets are then folded in half and passed through rollers again. This step is referred to as 
“compounding” and can be repeated several times. Increasing the number of 
compounding steps strengthens the noodle sheet and produces uniform colour 
(Kubomura, 1998). Gluten development, which starts during the mixing process, is now 
enhanced during the sheeting process.  
 
Noodle dough must be strong enough to withstand sheeting, but not too strong as to 
cause tearing or breakage of the sheet or the noodles. Therefore, adequate gluten 
strength and extensibility is required in all noodle flours. A good level of dough 
extensibility ensures that dough sheets do not shrink during successive roll passes. Flour 
with high protein and strong gluten requires roll compression (work input) to achieve 
the required final sheet thickness. 
 
After the first compounding, a second dough resting period is recommended for 
between 30-40 min. It is generally thought that the second resting time significantly 
impacts the degree of starch gelatinization during steaming (Hou, 2001). For example, 
Wu et al. (1998) found that well rested dough (after a second resting period) gave 
noodles with a higher degree of starch gelatinisation compared with un-rested dough as 
examined by differential scanning calorimetry. It has been suggested that the lack of 
evenly distributed water in noodles may prevent starch from being fully gelatinised 
during steaming, while the unrelaxed gluten may suppress starch swelling. Wu et al. 
(1998) had identified four main benefits of the second resting period:  
 
(a) Distributes moisture more evenly;  
(b) Enhances disulfide bond formation;  
(c) Formation of bonds between gluten and lipids; and  
(d) Relaxes the gluten for easy reduction in the subsequent sheeting operation.  
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After the second resting, the sheet is then passed through a series of rolls to 
progressively reduce the sheet thickness. This process can substantially impact noodle 
eating quality and the important factors during this process include  
 
a) The rate of reduction in sheet thickness;  
b) The moisture content of the sheet;  
c) The direction of sheeting; and  
d) The temperature of rolls.  
 
A gradual reduction in sheet thickness of not more than 30% of previous thickness is 
recommended so as not to damage the gluten structures which then affect eating quality 
(Crosbie & Ross, 2004). The higher moisture content will protect the gluten structure 
from damage. Changes in temperature of the sheeting rolls can also affect the sheet 
elasticity and viscosity as high roll temperatures can lead to surface drying while low 
roll temperatures cause roughness of the noodle surface (Crosbie & Ross, 2004). 
Dexter, Matsuo and Dronzek (1979) noted that after the fifth cycle of sheeting and 
folding, the noodles were smoother and had a more continuous protein matrix, the 
starch granules were more firmly held and the dough was less porous compared with 
only one cycle of sheeting. 
 
3.4.4 Cutting  
 
The fourth stage in the noodle processing is cutting. Upon achieving the required noodle 
thickness, the sheet is cut lengthways through cutting rolls. Various sizes of cutting rolls 
are available to produce noodles having widths within the range of 1.0-7.5 mm. The 
final dimensions of the noodle strands are determined by the cutting rolls and in the case 
of the thickness, by the sheeting process. The time taken for drying and cooking is 
influenced by the dimensions (width and length) of the strands (Crosbie & Ross, 2004). 
For making instant noodles, the strands emerging from the cutting rolls are hindered by 
metal blocks so that the shape is one of noodle waves. The resultant material is then 
subjected to steaming, frying and packaging. 
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3.4.5 Steaming  
 
The fifth phase in making noodle is the steaming process where the waved noodles are 
exposed to steam, and thus temperatures of approximately 100°C for 1-5 min. Steaming 
allows the starch granules to swell and gelatinise, which facilitates rehydration before 
serving (Crosbie & Ross, 2004; Hou, 2001). The wave conformation enables a more 
even penetration of steam and frying oil. Steaming should be sufficient to ensure the 
noodles are cooked right through so that the end result is the disappearance of the white 
(doughy) core at the centre of the noodle strand. Steam temperature, steam pressure and 
steaming time are the key factors that will affect the product quality (Hou, 2001). If 
insufficient heating is applied the fried noodles will be fragile and breakage occurs 
readily. On the other hand, excessive heating causes a lack of uniformity during drying 
and the noodles become hard and “gluey” (Kubomura, 1998). 
 
3.4.6 Frying  
 
Frying is the sixth phase and is a rapid means of removing moisture from the noodles 
(Hou, 2001) and simultaneously cooks the product. The process of steaming followed 
by frying of instant noodles enables starch to gelatinise followed by dehydration 
resulting in noodles having porous structure and unique flavours (Rho et al., 1986; Wu 
et al., 1998).  
 
By frying for 1-2 min at between 140-160°C the moisture content is reduced from 30-
50% to 2-5% as water vaporises quickly from the surface of the noodles. Dehydration of 
the exterior surface draws moisture from the interior to the exterior of the strands, 
resulting in a porous spongy structure (Rho et al., 1986; Wu et al, 1998). Eventually, 
during frying, the oil replaces the water originally present in the dough strands (Hou, 
2001). Frying further gelatinises the starch in noodles, helps to set the block into the 
typical shape and form to facilitate packaging as well as produces a golden colour.  
 
Deep frying contributes to the unique flavours for instant noodle, but has negative 
impact for health. The high residual oil content, the presence of oil-derived compounds 
(Ziaiifar, Achir, Courtois, Trezzani, & Trystram, 2008) in noodles and their potential 
health impact have raised concerns from consumers. High fat contents are not essential 
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to achieving good product quality and are uneconomical for the manufacturer as it 
increases operating costs and the resultant product contributes to high fat intakes. 
 
Hot air drying is an alternative to deep frying as it eliminates oil absorption. During the 
hot air drying process, noodles are held at between 70-90°C for 30-40 min to achieve 8-
12% moisture content (Hou, 2001). A longer dehydration period may cause the noodle 
structure to shrink, which will affect cooking time and final texture. By eliminating the 
use of frying oil, oxidation (rancidity) of noodles can be reduced and a longer shelf life 
is achieved. In Western countries, where consumer awareness of healthy foods maybe 
an issue, non-fried instant noodles are gradually gaining popularity. But, these are less 
popular in Asian countries due to the lack of pleasant shortening taste and mouth-feel 
compared with the fried variety. 
 
3.4.7  Packaging  
 
Instant noodles are available in either packet or cup/ bowl forms of packaging. It was 
previously reported that there was an increase in the consumption of cup-type instant 
noodles and a reduction in the consumption of bag-type instant noodles (Kim, 1996). 
This may have reflected the increased convenience provided by the cup-type packaging.  
 
Apart from different types of packaging, instant noodles are sold in different weights, 
ranging from as little as 40 to 130 g. With the commonly range of 65 to 85 g in weight 
found in Asia. Instant noodle sold in Korea however, are about 120 g in weight. This 
suggests that a more substantial meal in some regions and the preferred size can be 
attributed to the way instant noodles are consumed in various countries. In some 
regions, instant noodles are consumed as a snack between meals, with nothing more 
than the flavour provided in the packets. In Korea, however instant noodles are 
consumed more commonly as a meal with the addition of freeze dried vegetables and 
seafood. Changing consumption patterns from a snack to a meal may significantly 
change wheat requirements for the production of instant noodle products.  
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3.5 Summary and overview of current literature 
 
Instant noodles are gaining popularity globally as these products offer ease in 
preparation while being economical and tasty. However their significant sales volume is 
not reflected in the amount of research work been carried out. Although there have been 
various studies on the formulation of traditional styles of Asian noodles (WSN and 
YAN), but there has been limited research into instant noodles, especially regarding raw 
ingredients and processing conditions used. 
 
As these are important determinants of quality for the more traditional types of Asian 
noodles, it is likely that they are also critical for instant noodles. Therefore, there is a 
need to investigate further on their impact for instant products particularly for those 
made from a flour of lower protein content. 
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Chapter 4 
 
Summary of background and description of the project aims 
 
 
 
This chapter briefly summarises the context in which this project has been developed 
and describes the aims of the research program. 
 
4.1 Summary of current situation and significance of the project 
 
Noodles are one of the staple foods consumed in Asia. It has been estimated that at least 
twelve percent of global wheat production is used for processing Asian noodle products 
(FAO, 2007; Hou, 2001). There are many types of noodles, but the “instant” types 
continue to show increasing popularity not only in Asia but also globally (Yu & Ngadi, 
2004).  
 
Instant noodles were commercially introduced in Japan in 1958 under the brand name of 
“Nissin Chicken Ramen”. Despite their relatively recent history, compared to traditional 
styles of Asian noodles (WSN and YAN), instant noodles have been accepted 
worldwide. Market research has indicated that consumption of instant noodles continues 
to expand rapidly in various countries in Europe, South America, the Middle East as 
well as Asia. In 2009, approximately 915 million packets (bags/cups) of instant noodles 
were eaten worldwide and the global consumption continues to increase (World Instant 
Noodles Association, 2010).  
 
In most years, Australia is typically the fourth largest wheat exporter with 
approximately 40,000 farms producing wheat as their main crop. Most of Australia’s 
wheat production is exported and Asia represents an important and valued market for 
Australian wheat. It has been estimated that approximately 40% of its exports are used 
for the production of Asian noodles (AWB, 2006). There are several reasons for this 
trading pattern: Australia is relatively near to Asia and Australian wheat is regarded as 
being of high quality as well as being well suited for making noodle products. 
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Among the options for the future development of grain producing nations is to ensure 
wheat exports remain relevant to specific requirements of end users. From a wheat 
buyer’s perspective this will mean ensuring that they are able to select from a range of 
wheat types of varying qualities (and costs), to produce flours to suit the needs of the 
particular consumer market.  
 
Currently, it appears that there are major long term problems confronting global and 
Australia’s wheat industry, as highlighted in Section 2.3 of this thesis. These include 
the reduction of protein levels in wheat grades (due to the changing weather pattern and 
declining soil fertility), lower tonnages of high grade wheat, and the reduction in dough 
strength in some of the premium wheat grades (AWB, 2006). The long term effect is: 
higher tonnages of low protein wheat flour are produced, thus gradually changing the 
scenario of Australia’s wheat exports. It may also affect how noodles are made in the 
future. Both these factors provide a strong impetus for the research reported in this 
thesis. 
 
Given these challenges, it seems vital to investigate alternative usage of low protein 
wheat flour. Over recent years there have been advances in our understanding of 
consumer preferences for instant noodles and the impact of flours having different 
characteristics has been studied. High protein content has been found to relate to less 
appealing colour and low fat absorption of instant noodles, and to firm and elastic 
texture of cooked instant noodles (Park & Baik, 2004). In general, flours of low protein 
content (<10%) are not considered suitable for achieving textural firmess or “bite” in 
noodles, as compared to those made from medium to high protein (>10%) flour. This is 
because low protein flour cannot effectively develop the desired protein matrix. 
Therefore, for instant noodles made from low protein flour, there is a need to modify the 
formulation and processing conditions in order to enhance eating quality. This will be 
the theme of the current research work. 
 
In summary, although there have been various studies on the formulation of traditional 
styles of Asian noodles, there has been limited research into raw ingredients and 
processing conditions for instant noodles. The gap between this popular food and the 
relatively limited published research provides an opportunity for the Australian wheat 
Chapter 4 
 
 
40
industry and learning institutions to forge ahead technologically, in tandem with the 
global consumer market. 
 
4.2 Hypothesis 
 
This study has been based upon the hypothesis that as it has been shown that raw 
ingredients and processing conditions have an important function on traditional styles of 
Asian noodles (WSN and YAN) processing. Therefore, it might be expected that they 
will have a significant impact on the important quality attributes of instant noodles 
made from low protein wheat flour.  
 
4.3 Project aims 
 
The overall aim of this project has been to investigate whether raw ingredients and 
processing conditions play a significant role in determining quality of instant noodles 
made from flour of low protein content. The selected raw ingredients investigated were 
microbial transglutaminase (MTGase), sodium stearoyl lactylate (SSL), water, 
acetylated potato starch (APS) and sodium carboxymethyl cellulose (CMC). For the 
processing conditions, the mixing time, number of folds, resting time as well as time 
and temperature of frying have been studied. 
 
This research project provides a strong scientific basis and knowledge on instant noodle 
processing which can be readily applied. The potential economic benefits are 
substantial, reflecting the current significance of the wheat being exported from 
Australia and used directly for the manufacture of instant noodles. There is also a 
likelihood that global demand for instant noodles will continue to increase.  
 
Accordingly, this project will lead to: 
 
• Enhanced utilisation of low protein content wheat flour for instant noodle 
manufacturing. Currently this wheat is available in large tonnages and perceived 
as having low commercial value due to a limited range of appropriate end uses. 
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• A basis for wheat sellers and buyers to select from a range of wheat types of 
varying qualities (and costs) to produce flours to suit the needs of the instant 
noodle market. 
• Develop existing knowledge of the structural properties of instant noodles, 
importance of selected raw ingredients and processing conditions on the quality 
attributes of instant noodle products made from low protein flour. 
• Further options for the formulation of instant noodles having desirable textural and 
colour characteristics to ensure that products continue to appeal to consumers. 
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Chapter 5 
 
Materials and methods 
 
 
 
The purpose of this chapter is to describe the chemicals, reagents, equipment and 
methods used during this study. Among these are procedures applied in the preparation 
and sampling of instant noodles, extraction procedures as well as analytical methods for 
measurement of textural parameters, cooking properties, colour, fat uptake and selected 
antioxidants in instant noodles. 
 
5.1 Materials 
 
The chemicals used in product formulations and analytical procedures were of highest 
purity available or analytical grade, unless otherwise stated. Throughout the study, 
distilled water was used in the formulation and boiling of instant noodles, while Milli Q 
water was used for all aspects of the HPLC analyses of antioxidant components. Three 
types of flours (Figure 5.1) were used in this study and the details are tabulated in 
Table 5.1. The description of all the materials used, together with the respective 
suppliers and selected product codes are presented in Table 5.2. Commercial instant 
noodles analysed in this study were purchased from Asian grocery stores (located in 
Victoria, Australia) and the details of the samples are presented in Table 5.3. 
 
5.2 Apparatus and auxiliary equipment 
 
The items of equipment used, together with the details of manufacturers and model 
numbers are presented in Table 5.4. 
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Table 5.1 Description of flour samples used in this study  
 
Flour Description  Supplier 
Australian Soft Soft 1 varieties (no Rosella) Allied Mills, Melbourne, VIC, 
Australia 
Baker’s  Baker’s Strong, Code: 5330 Weston Milling, Melbourne, 
VIC, Australia 
Common 
Buckwheat 
Fagopyrium esculentum Moench 
Batch code: 0432G204 
Kialla Pure Foods, 
Greenmount, QLD, Australia 
 
 
 
Fig. 5.1 Flour types used for making instant noodles 
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Table 5.2 Details of materials and chemicals used in this study 
 
Supplier Chemicals / Ingredients 
Ajax Chemicals, 
Australia 
Petroleum spirits (Hexane) (CAS 110-54-3, product code 251) 
Ajinomoto, Japan MTGase - Activa Ultra Dente (EC 2.3.2.13) 
Akzo Nobel 
Cellulosic 
Specialties,  
The Netherlands 
CMC (INS 466) 
Jasper International, 
Australia 
Hydrogenated palm oil 
Langdon Ingredients, 
United Kingdom 
SSL - P 60 VEG (INS 481i) 
Megazyme Int. 
Ireland 
Total starch assay kit (K-TSTA 05/2008) 
Starch damage assay kit (SDA 11/01) 
Merck KgaA, 
Germany 
Ethanol (CAS 64-17-50, product code 4102550501) 
Diethyl ether (CAS 60-29-7, product code 900332500) 
Hydrochloric acid (CAS 7647-01-0, product code 1090581000) 
National Starch Food 
Innovation,  
Australia 
APS – Perfectamyl AC (92/2/EU: E 1420 and USA 21 CFR § 
172.892) 
Sigma Chemical Co., 
USA 
Rutin trihydrate standard (CAS 153-18-4, product code 78095)  
Quercetin dihydrate standard (CAS 117-39-5, product code 
83370) 
Acetonitrile (CAS 75-05-8, product code 271004) 
Notes a CAS numbers refer to the Chemical Abstracts Registry Number (Budavari, 2001)  
 
b EC numbers are those designating particular enzymes recognised by the Enzyme 
Commission (Nomenclature Committee of the International Union of Biochemistry and 
Molecular Biology, 2010).  
 
c INS refers to the number assigned in the International Numbering System and described in 
Australian regulations (FSANZ, 2010)  
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Table 5.3 Details of commercial instant noodle samples 
 
Brand of 
noodles  
Ingredients  Origin 
Indomie  Wheat flour, edible vegetable oil, salt, acidity 
regulator, thickener, tartrazine E102, iron 
Indonesia 
Maggi  Wheat flour, palm oil, salt, stabilisers, mineral Malaysia 
Mama Wheat flour (75.32%), palm oil (12.42%), chilli 
paste (6.26%), salt (5.14%), monosodium 
(0.86%) 
Thailand 
Myojo  Wheat flour (78%), palm oil (antioxidants [320, 
306]), salt, acidity regulators (501, 500, 450) 
Singapore 
Nissin  Wheat flour (73%), palm oil (contains 
antioxidant 306), salt, mineral salts (501, 500) 
Hong Kong  
Shin Ramyun Wheat flour (71%), potato starch, palm oil, salt Korea 
Wei Wei A Wheat flour (54%), palm oil, starch, salt, 
raising agent (500, 452), flavour enhancer (621, 
627, 631), antioxidant (306) 
Taiwan  
Notes a Antioxidant 306: Tocopherols concentrate, mixed; Antioxidant 320: Butylated 
hydroxyanisole 
 
b Acidity regulator 501: Potassium carbonate; Acidity regulator 500 : Sodium carbonate 
(or Sodium bicarbonate); Acid regulator 450: Sodium (or Potassium) pyrophosphate 
 
c Raising agent 452 : Potassium polymetaphosphate 
 
d Flavour enhancer 621: Monosodium L-glutamate (MSG); Flavour enhancer 627: 
Disodium 5’-guanylate; Flavour enhancer 631: Disodium 5’-inosinate 
 
 
 
Fig. 5.2 The appearance of the samples of commercial instant noodles (as 
purchased) 
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Table 5.4 Description of equipment used  
 
Equipment Manufacturer/supplier Model No 
Cary Spectrophotometer (UV-
VIS) 
Varian Australia Pty Ltd, 
Melbourne 
1E 
Centrifuge Eppendorf Centrifuge  
Hamburg, Germany 
Model 5810R 
Cutting attachment for noodle 
maker 
Imperia, Torino, Italy MOD 150 
Deep fryer  Sumbeam Co Ltd. Australia DF 4400 
Environmental scanning 
electron microscope (ESEM) 
FEI Company, USA Quanta 200 
HPLC Shimadzu Scientific,  
Rydalmere, Australia 
LC-10A 
Kenwood mixer Kenwood Ltd, Britain KM210, Serial no. 
0309397 
Kjeldahl protein Tecator, Sweden 1003 digestor and 
1012 distillation 
Magnetic hot plate  Industrial Equipment & Control 
Pty Ltd, Australia 
CS76083V 
Minolta Chroma Meter Minolta Camera Co Ltd, Osaka, 
Japan 
CR100 
Noodle maker Domestic ‘spaghetti machine’ 
Imperia, Torino, Italy 
MOD 150, design 
no. 1048534 
Oven Memmert, GmbH, 
Germany 
Type: UML 500, F 
No: 891319, NIN 
12880-KI 
Steamer Sunbeam (rice perfect) Model RC2610  
Type 638 
Texture Analyser (TA-XT2) Stable Micro Systems, United 
Kingdom 
TA-XT2 
Ultra-Turrax homogeniser Janke and Kunkel, Stanfen, 
Germany 
T 25 
Water bath (thermostatically 
controlled) 
Thermoline Scientific 
Instruments Pty Ltd, Melbourne 
BTC 9090 
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5.3 Preparation of instant fried noodles  
 
Ingredients used for instant fried noodles 
A number of batches of instant noodles were made in the laboratory and they were 
prepared using procedures based on those described elsewhere (Moss, Gore, & Murray, 
1987). The ingredients used throughout all of the experiments were: flour, distilled 
water, sodium chloride and alkaline salts (potassium and sodium carbonates). 
Hydrogenated palm oil was used for frying. In some instances, additional raw 
ingredients including MTGase, SSL, APS, CMC and buckwheat flour were 
incorporated into the formulation. The amounts of these additional raw ingredients 
incorporated into the noodle formulation were established and selected using an 
experimental design approach (Central Composite Design).  
 
Method for instant fried noodles preparation 
Mixing: The instant noodle dough was formulated by mixing 100% flour, 35% distilled 
water, 1% salt (NaCl) and 0.2% alkaline salt (potassium : sodium carbonates; 6:4). The 
salt and alkaline salts were first dissolved completely in the appropriate volume of water 
before use. The water containing these salts was then incorporated with wheat flour over 
a period of 30 s in the mixer set at speed one. The mixing was continued for 1 min (at 
speed setting 1, corresponding to approximately 500 rpm) then it was stopped so that 
the dough material adhering to the bowl and beater could be scraped down. After that, 
the speed of the mixer was increased smoothly to setting 4 (corresponding to 
approximately 1000 rpm) and allowed to mix for a further 4 min. At 3 min, mixing was 
discontinued briefly again to allow incorporation of small dough pieces adhering to the 
sides of the mixing bowl. After a total of 5 min mixing (1 plus 4 min), the resultant 
dough had a crumbly consistency. 
 
Resting, kneading & sheeting: The resultant material was placed into a resealable 
plastic bag and allow to rest at room temperature (~22°C) for half an hour. The crumbly 
dough pieces were kneaded to form a dough ball which was flattened with a rolling pin 
and then passed through the roll unit of a pasta machine with the regulating knob set at 
position no.1 (2.5 mm gap). The resultant sheet was folded in half once and then passed 
through the rolls of the noodle machine three times, in order to give a uniform sheet 
which held together as a single dough piece. The thickness of the sheet was reduced 
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stepwise by passing between the rolls of the pasta machine five times with the roll gap 
gradually reduced to 1.5 mm.  
 
Cutting, steaming & frying: The dough sheet was then passed through the cutter 
attachment. The dimensions of the resultant noodle strands were 1.5 mm in width and 
1.5 mm in thickness. These were then placed uniformly into a steam pan which was 
transferred into a preheated (100°C) steamer, and steamed for 2 min to allow starch to 
swell and gelatinise. The final step was frying and the frying oil was replaced after 
every 3 frying cycles. The frying temperature was 150°C and the frying time was 45 s. 
The steamed noodle strands were placed loosely in a wire basket and the basket was 
immersed in the preheated oil. The fried noodle strands were allowed to cool at room 
temperature (~22°C) and excess oil was drained from the surface. The cooled samples 
were placed into resealable plastic bags for storage and subsequent analysis. 
 
The noodle processing stages are illustrated in Figure 5.3.  
 
 
 
 
A: Mixing B: Dough sheet C: Sheeting &Cutting 
 
 
 
D: Noodle samples E: Steaming F: Frying 
 
Fig. 5.3 Stages in the processing of instant noodles  
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5.4 Methods used in characterisation of flour and noodle samples 
 
In the analysis of all samples, multiple analyses were carried out as described in each 
individual analysis procedure. In all cases, the results for at least triplicate 
measurements of individual samples were assessed statistically and are reported as the 
mean value ± 95% confidence level. The latter was chosen as it estimates the true error 
and provides high precision in comparison with other commonly used statistical 
parameters as well as being more dependent upon the number of replicates. 
 
5.4.1 Determination of moisture content 
 
The moisture contents of samples (flours and instant noodles after frying stage) were 
measured according to the AACC International (2000) air oven method. Empty 
aluminum moisture dishes with lids were placed into a pre-heated oven set at 130 ± 3°C. 
After 1 hour, the empty dishes were taken from the oven and cooled in a desiccator 
containing active silica gel desiccant for a period of 30 min and then weighed. Sub-
samples (approximately 2.0 g) were accurately weighed into the pre-weighed dishes. 
Then the covered dishes containing the samples were placed into the oven with the lids 
placed under the respective dishes and dried at 130 ± 3°C for 1 hour. The process of 
drying, cooling and weighing was repeated after 1 hour until a constant weight was 
attained. The loss in weight was used to calculate the moisture content of the sample 
using the following equation: 
 
5.4.2 Determination of ash content 
 
The ash contents of flour samples were measured according to AACC International 
(2000) ash basic method. Samples of approximately 3 g were weighed into an ashing 
dish that had been ignited, cooled in a desiccator and weighed soon after attaining room 
temperature. Then, the ashing dish with sample was placed in a furnace at 550°C 
overnight until light gray ash was obtained. This was followed by cooling to room 
Moisture content (%) = 
 
Loss in weight of dish, lid and sample upon drying × 100 
 Initial weight of sample 
L
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temperature and then weighing. The ash content of the samples was then calculated 
using the following equation: 
 
5.4.3 Protein content determination 
 
The nitrogen content of flour samples was measured using the AACC International 
(2000) crude protein-improved Kjeldahl method using a combination of methyl red and 
bromocresol green as indicator and the protein content was then estimated from the 
nitrogen value using the following formula (AACC International, 2000; RACI 1995): 
 
Protein content = Nitrogen content × protein conversion factor 
 
The protein conversion factor applied was 5.70. For each batch of samples one blank 
and one reference were used. Reference of known chemical composition (glycine) was 
used. One gram of sample was put onto a filter paper and transferred into a Kjeldahl 
tube. Two Copper catalyst tablets were added to each tube, followed by 12.5 mL of 
sulphuric acid. The samples were digested at 420°C for an hour. After cooling for 30 
min, 50 mL of distilled water was added to each tube. Samples were then distilled as 
follows:  
 
25 mL of boric acid solution was measured into a receiver flask and this was used to 
collect the distillate from reflux of the digested sample following addition of 
concentrated sodium hydroxide (40% w/v). The receiver flasks were titrated using 0.1M 
HCl to the neutral grey end point. The protein content was calculated using the 
following equation.  
 
Protein content = (sample titre – blank titre) / 1000 × (atomic weight of nitrogen / 
sample weight) × 100 × moles per litre of HCl × protein conversion factor 
 
Ash content (%) =  
 
Weight of residue × 100 
 Initial weight of sample 
L
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5.4.4 Total starch content determination 
 
The total starch was determined using the Megazyme Total Starch kit (AACC 
International, 2000; ICC, 1996) (Figure 5.4). The procedure described in details by the 
manufacturer of the kit (Megazyme, 2008) was followed rigorously and the following 
calculation used to calculate the total starch content of the flour samples: 
 
Starch (%) = ∆A × F × 1000 × (1/1000) × (100/W) × (162/180)  
 = ∆A × F/W × 90 
 
Where:  
∆A  = Absorbance (reaction) read against the reagent blank; 
F = 100 (µg of D-glucose) (conversion from absorbance to 
µg) ; Absorbance of 100 µg of glucose 
1000 = Volume correction (0.1 mL taken from 100 mL); 
1/1000 = Conversion from µg to mg; 
100/W = Factor to express ‘starch’ as a percentage of flour weight; 
W = The weight in milligrams (‘as is’ basis) of the flour analysed; 
162/180 = Adjustment from free D-glucose to anhydro D-glucose (as occurs in 
starch).  
 
 
5.4.5 Starch damage content determination 
 
The starch damage was determined using the Megazyme Starch Damage assay kit 
(AACC International, 2000; ICC, 1996) (Figure 5.4). The procedure described in 
details by the manufacturer of the kit (Megazyme, 2008) was followed rigorously and 
the following calculation used to calculate the starch damage level of the flour samples: 
 
Starch Damage (%)  = ∆A × F × 90 × (1/1000) × (100/W) × 162/180  
   = ∆A × F/W × 8.1 
 
Starch % w/w  = 
(dry weight basis) 
Starch % w/w (as is) × 100 
100 – moisture content (% w/w) 
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Where:  
∆A  = Absorbance (reaction) read against the reagent blank; 
F = 150 (µg of glucose) (conversion from absorbance to 
µg) ; Absorbance of 150 µg of glucose 
90 = Volume correction (0.1 mL taken from 9.0 mL); 
1/1000 = Conversion from micrograms to milligrams; 
100/W = Factor to express starch damage as a percentage of flour weight; 
W = The weight in milligrams (‘as is’ basis) of the flour analysed; 
162/180 = Adjustment from free glucose to anhydro glucose (as occurs in 
starch).  
 
 
 
 
 
Fig. 5.4 Assay kits for total starch and starch damage 
 
5.4.6 Measurement of flour and instant noodle colour 
 
The colour characteristics of samples (flours and instant noodles) were determined 
using a Minolta Chroma Meter (CR100) equipped with D65 illuminant (Figure 5.5). 
The instrument was first calibrated using the white calibration tile supplied by the 
manufacturer. For sample analysis, the three different CIE (International Commission 
on Illumination) colour parameters, L*, a* and b* were recorded. The L* value 
measures the degree of whiteness/darkness and the higher the L* value, the brighter the 
colour. The a* value indicates the balance between redness and greenness of the sample 
Starch damage % w/w = 
(dry weight basis) 
Starch damage % 
w/w (as is) 
× 100 
100 – moisture content (% w/w) 
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with positive values corresponding to red colours and negative to green. The b* value 
indicates the balance between yellowness (+) and blueness (-). For a* and b* readings, 
values closer to zero indicate less intense colour whereas readings further from zero 
correspond to more intense chroma characteristics. Approximately 15 g sample was 
ground using a mortar and pestle and packed into a small resealable plastic bag. This 
was then folded in half and the colour of the samples was measured through the 
transparent bag. Multiple sets of readings (n=3) were taken on all samples by moving 
the measuring head on a random basis to different locations on the surface of the 
sample. 
 
 
Fig. 5.5 Chroma meter (CR 100) 
 
5.5 Measurement of optimum cooking time 
 
Samples of instant noodles (approximately 10 g) were cooked in 300 mL distilled water. 
After every 10 s, a strand of noodle was removed and immediately placed into water 
which was at ambient temperature. The strand was then squeezed between two 
microscope slides. Noodles were considered to be fully cooked at the point where the 
uncooked core had just disappeared (Park, Shelton, Peterson, Wehling, & Kachman, 
1997), corresponding to an uniform colour and appearance being observed upon 
squeezing.  
 
5.6 Measurement of cooking weight and cooking loss  
 
Cooked weight and cooking loss were determined by methods modified from Grant, 
Doehlert, McMullen and Vignaux (2004) and Chakraborty, Hareland, Manthey and 
Berglund (2003). Each noodle sample (10 g) was cooked in 300 mL of distilled water to 
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its specific optimum cooking time previously described in Section 5.5. The cooked 
noodles were then rinsed with distilled water and left to drain for 2 min at room 
temperature prior to reweighing. Results were reported as % increase with respect to the 
original noodle sample weight. The residual cooking water was dried in an oven at 
110oC and results reported as % weight lost during cooking. 
 
5.7 Measurement of textural profile of instant noodle samples 
 
Textural properties of instant noodles were measured using the Texture Analyzer, TA-
XT2 (Stable Micro Systems, London, England) equipped with the Texture Expert 
Exceed software package (Stable Micro Systems, 2000). The instrument was fitted with 
a 35 mm cylinder probe (P/35). The TA-XT2 and probe used are shown in Figure 5.6. 
Samples were tested after a period of exactly 10 min had elapsed following cooking 
(AACC International, 2000; Oh, Seib, Deyoe, & Ward, 1983). Noodle samples were 
cooked to their optimum cooking time determined in Section 5.5. Two noodle strands 
were tested at each time (placed as close to each other as possible) making sure that the 
strand test region was positioned centrally under the probe. Measurements were carried 
out at room temperature (~22°C) and fresh sub samples were used for each 
measurement. Calibration settings used were the 5 kg load cell with a return trigger path 
at 15 mm. The measurement mode settings for compression (pre-test, test and post-test) 
were set to a speed of 2.0 mm/sec; strain was at 75%; trigger type at auto-10 g; and data 
acquisition rate: 200 pps.  
 
 
 
 
Fig. 5.6 Texture Analyser (TA-XT2) and 35 mm cylinder probe attachment 
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Based on force-time curves of the Texture Profile Analysis (TPA) (Figure 5.7), the 
hardness (height of the peak) and adhesiveness (negative area between the first and 
second peak) were calculated. Cohesiveness was indicated by the ratio between the area 
under the second peak and the area under the first peak. Hardness, adhesiveness and 
cohesiveness values were determined according to the description of Park, Hong and 
Baik (2003). Stickiness was measured as the negative area below the second peak. 
 
Fig. 5.7 Typical pattern obtained from Texture Profile Analysis 
Note Sourced from Epstein, Morris & Huber, 2002 
 
5.8 Measurement of fat uptake in instant noodles 
 
A sample of instant noodle (approximately 2 g) was ground by hand with a mortar and 
pestle, then transferred into a Mojonnier tube. HCl (15 mL, 6M) was added carefully 
and the tube heated for 30 min in a boiling (100°C) water bath. After cooling to room 
temperature (~22°C), the fat was extracted. For this, 25 mL diethyl ether and 25 mL 
petroleum spirits were added consecutively into the cooled solution. The tube was then 
inverted three times and pressure released by lifting the lid. The contents formed two 
layers and the upper layer was decanted into a dry, pre-weighed evaporating dish. The 
decanted layer was then evaporated using a steam cone. The samples were extracted 
twice. This was followed by drying in an oven (100˚C) for 1 hour, cooling in a 
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desiccator for 30 min and weighing. This process of drying, cooling and weighing was 
repeated until constant weight was obtained. 
 
Fat uptake (%) was calculated as follows: 
 
 
Results were presented on an “as is” (fresh weight basis). 
5.9 Structural assessment of instant noodles prepared in the laboratory  
 
The inner structure of instant fried noodles was examined using the FEI Quanta 200 
Environmental Scanning Electron Microscope, ESEM (Oregon, USA) as shown in 
Figure 5.8. Samples of noodles were taken after cutting and frying. These were 
prepared by attaching the noodle strand onto a circular specimen stub using double-
sided adhesive tape. The samples were viewed using ESEM at 20kV voltage and 3.0-5.0 
spot size (unless specified differently). Low vacuum mode was used while operating the 
ESEM and the micrographs were taken using 400× magnification. 
 
 
 
Fig. 5.8 FEI Quanta 200 Environmental Scanning Electron Microscope, ESEM 
 
5.10 Fortification and analysis of instant noodles with common buckwheat flour 
 
Common buckwheat (Fagopyrum esculentum Moench) flour was incorporated into a 
formulation for instant noodles and the source of this flour is described in Table 5.1. 
The instant noodle dough was formulated by mixing various proportions from 60-100% 
Fat uptake = 
 (%) 
After dried evaporating dish (with sample ) – empty 
evaporating dish  × 100 
 Initial weight of sample 
L
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wheat flour (AS or Baker’s) with 40-0% common buckwheat flour, then this flour 
mixture was blended for 1 min at speed 1 in the mixer prior to use to give an evenly 
mixed distribution. The following steps in instant noodle preparation were those 
described in Section 5.3.  
 
The following sections outline the preparation of HPLC standards, sample extraction 
procedure, HPLC separation technique and validation of the method used in 
determining the flavonoid (rutin and quercetin) properties of instant noodles enhanced 
with common buckwheat flour. 
5.10.1 Preparation of HPLC standards 
 
The rutin trihydrate and quercetin dihydrate standards were prepared by dissolving in 
Milli Q water to a concentration of 250 mg/L. Working rutin and quercetin standard 
solutions were prepared by diluting the stock solution with Milli Q water to give a range 
of 50-250 ppm. Each calibration curve was constructed using Microsoft® Excel 2000 
software with intercept 0; y, area of rutin (or quercetin), x, rutin (or quercetin) 
concentration mg/100 mL. 
 
5.10.2 Extraction of rutin and quercetin from flour and instant noodle samples 
 
Samples were extracted according to the procedure of Morishita, Yamaguchi and Dehi 
(2007) with slight modifications. Samples of 0.6 g were extracted by addition of 6 mL 
of 80% ethanol solution and then warmed to 80°C for 30 min in a screw-capped test 
tube. After cooling, tubes were centrifuged at 3,000 rpm for 10 min. The resultant 
supernatant was filtered through a 0.22 µm polytetrafluoroethylene (PTFE) syringe 
filter (Labquip Tech., Vic, Australia) before HPLC analysis. This extraction method 
procedure was applied to sample taken at four main stages of noodles processing 
(cutting, steaming, frying and cooking). 
 
5.10.3 HPLC apparatus and electrophoretic conditions 
 
All HPLC analyses were carried out on a Shimadzu LC-10A instrument, equipped with 
a SPD UV-VIS Spectrophometric detector, and a reversed phase C18 column (Hypersil 
ODS, Hewlett Packard, Germany, 4 mm x 125 mm) as shown in Figure 5.9. The 
solvents for HPLC were A: acetonitrile and B: Milli Q water adjusted with 
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trifluoroacetic acid to pH 2.5. The initial conditions were 85% A and 15% B. The 
samples were run on a linear gradient to 50% A and 50% B over a period of 10 min, 
followed by re-equilibration for 6 min (85% A and 15% B) prior to the next injection. 
The flow rate was 1 mL/min and a temperature of 25°C was maintained throughout the 
analyses with detection performed at 360 nm. Peak identification was based on the 
retention time and involved comparison with that of the standard compounds. 
Chromatograms were recorded, and peak areas were quantified using Chemstation 
software. 
 
 
 
 
Fig. 5.9 HPLC-Shimadzu LC-10A and syringe used for injection 
 
5.10.4 Procedures used in the validation of rutin and quercetin analysis 
 
In all cases, a variety of approaches were used to ensure the validity of the methods and 
the resulting analytical data. Samples and sample extracts were covered with aluminium 
foil to exclude light and all steps in analytical methods were performed without delay. 
During the development and establishment of methods the initial approach was to 
measure standard solutions of either individual antioxidant (rutin or quercetin) or 
mixtures of these. Secondly, the procedure involved recovery studies in which noodle 
samples were spiked with appropriate amounts of the standard antioxidant compound 
prior to extraction. 
 
Recoveries were calculated as follows: 
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5.10.5 Calculation of data to a dry weight basis 
 
The results obtained for contents of the antioxidants in the noodle samples were 
routinely adjusted by calculation to a dry weight basis. The purpose was to facilitate the 
direct comparison of the results particularly for different sample types. All samples 
analysed for antioxidant were also tested for moisture content using the procedure 
described in Section 5.4.1. The following general equation was applied: 
 
In all cases the data were recalculated to a dry weight basis (where the constant 
moisture figure is zero) so the equation was used in the form: 
 
5.10.6 Presentation of analytical results for antioxidant content 
 
In the analysis of samples for antioxidant content, at least three analyses were 
performed on each extract obtained. The results of triplicate analyses of each sample 
have been calculated and presented as mean values ± 95% confidence interval. These 
calculations were carried out using Microsoft® Excel 2000 software.  
 
5.10.7 Calculation of results for antioxidant content using HPLC 
 
The antioxidant content of the noodle was calculated using the external standards, 
unless otherwise specified. At the start of a series of HPLC measurements, at least 
replicate analyses of the standard test solutions were performed and the average peak 
Recovery = 
(%) 
Antioxidant in spiked sample – antioxidant in unspiked sample × 100 
 Antioxidant added in spiked sample 
Antioxidant content 
(adjusted to a constant 
moisture basis) 
= 
antioxidant 
content 
(as is basis) 
× 
100 – constant moisture figure 
100 – actual moisture of sample 
Antioxidant content 
(adjusted to a dry 
weight basis) 
= 
antioxidant 
content 
(as is basis) 
× 
100 
100 – actual moisture of sample 
L
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areas were calculated. These were then compared with those of the sample test peak 
areas. For this comparison, the weighed portion, the amount of aliquot used and the 
dilutions were taken into account. Using a spreadsheet prepared in Microsoft® Excel 
2000 software, the average peak areas obtained for the individual standards at different 
concentration were entered and calculations performed as follows: 
 
5.10.8 Preparation of analytical curve 
 
Firstly, the peak areas of individual standard was used directly and plotted using the 
scatter option in the software with concentration of individual antioxidant (mg/L) on the 
x axis and the corresponding peak areas on the y axis. A linear regression equation of 
the form [y = mx + c], typically gave the best statistical fit and the equation as well as 
the R2 value were recorded. The latter value was then considered and the analyses were 
repeated if the value was lower than 0.99. 
 
5.10.9 Calculation of antioxidant content 
 
The average peak areas for each sample tested were then used in the calculation of 
antioxidant concentrations of the sample solutions using the linear equations. The 
appropriate dilution factor was applied and allowance made for the original sample 
weight to express the result per 100 g of sample. The following equation was used to 
calculate the experimental value: 
 
 
 
 
 
Where 
T = The concentration of antioxidant calculated using the regression 
equation for the standard curve (expressed in mg/100 ml) 
6 = Dilution factor (volume of extraction solution used) 
Sw = Amount of sample originally weighed (expressed in g) 
100 = Conversion factor so that result is expressed in units of mg of individual 
antioxidant 
100* = Conversion factor so that result is expressed per 100 g of sample 
 
Antioxidant content  
(mg/100 g) = 
T × 6 × 100* 
100 × Sw 
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After determination of individual antioxidant contents, the data were expressed on a dry 
weight basis, following the calculation described in Section 5.10.5. 
 
5.11 Statistical analysis 
 
Response Surface Methodology (RSM) using the Central Composite Design (CCD) was 
used to analyze the effect of variables on instant noodle quality. The objective of the 
experimental design approach was to obtain information on the variables influence, 
optimum settings and any interactions by using the minimum number of experiments or 
trials. The response surface produced from the second-order polynomial model was 
used to examine the main effects and interactions of the variables. The experiments 
were carried out in random order and the data was analyzed using Minitab for Windows 
(v.15 Minitab 2006, USA). A 3-Dimensional contour surface plots were created using 
Design Expert (version 7.1, Stat-Ease Inc, USA). A more detailed introduction to the 
CCD approach and its application in this study are provided in Section 7.1. 
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Chapter 6 
 
Results and discussion:   The preliminary analysis of flours 
and instant noodles (commercial and laboratory products)  
 
 
 
This chapter presents the results of the preliminary analysis of wheat flours as well as 
commercial instant noodles and products prepared in the laboratory. Textural properties, 
colour, fat uptake and the internal microstructure of the two types of instant noodles are 
discussed. 
 
6.1 Introduction 
 
Australian Soft (AS), Baker’s and buckwheat flours used in this study were obtained 
from commercial flour mills in Australia. The details of these flours were described in 
Section 5.1 and each was assessed for physical and chemical properties including ash, 
moisture, protein, starch damage and colour characteristics. 
 
Instant noodles samples were prepared using AS and Baker’s flours for preliminary 
analysis of noodles. As buckwheat flour is gluten free it is therefore not suitable as the 
sole flour ingredient for making noodles. It was evaluated as a partial replacement for 
wheat flour in the noodle formulations. 
 
6.2  Preliminary analysis of flours 
 
The analyses were carried out using the AACC International (2000) methods for ash, 
moisture, starch damage and protein content. The results are tabulated in Table 6.1 and 
the data were used to facilitate the comparison of results obtained in subsequent 
experiments. 
 
The data shows that AS has the lowest ash and protein contents. On the other hand, 
buckwheat flour has the highest ash and moisture contents but lowest starch damage 
value. Both Baker’s and buckwheat flours have higher protein content compared with 
AS. 
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Table 6.1 Proximate analysis of wheat and buckwheat flours 
 
Flour Ash 
(%) 
Moisture 
(%) 
Protein 
(%) 
Starch 
damage 
(%) 
AS 0.42 ± 0.06 13.0 ± 0.4 8.8 ± 0.1 5.2 ± 0.2 
Baker’s  0.64 ± 0.15 12.5 ± 0.2 11.9 ± 0.1 7.3 ± 0.3 
Buckwheat  2.07 ± 0.10 14.7 ± 1.3 11.3 ± 0.1 0.6 ± 0.1 
 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
 
High ash content indicates bran contamination in flour, which results in a darker 
appearance. Hence buckwheat, with highest ash content, appeared darker compared to 
the other two types of flours (Figure 5.1). Moisture content is important as it affects 
dough water absorption and handling properties. In this study, there were relatively 
minor differences in the moisture content of the three flours used. 
 
To produce noodles with acceptable textural attributes, high protein flour (10-12%) is 
preferred. Hence, typically Baker’s is best suited to produce better noodle texture 
compared with AS flour. Although buckwheat has high protein content, it primarily 
consists of globulins, which are not able to produce the protein network required for the 
development of dough structure. In the case of the traditional soba (buckwheat) noodles, 
the typical formulation consists of 60% (max) buckwheat flour and 40% wheat flours. A 
comprehensive review of the scientific literature (Section 3.2.2) has indicated that there 
have been no previous reports describing the incorporation of buckwheat flour into 
instant noodle formulations. Hence one of the objectives of the current study has been to 
assess this as a way to enhance the quality attributes of instant noodles made form low 
protein wheat flour and the results of this evaluation are presented in Chapter 9. It is 
noted that the AS flour, with its relatively lower protein content, is commonly used in 
biscuits and pastry products rather than making noodles. 
 
Starch damage, which occurs during milling, is the result of physical damage to the 
starch granules. The level of starch damage directly affects water absorption and dough 
mixing properties. The starch damage for AS and Baker’s flours samples were 5.2% and 
7.3% respectively. High starch damage (>10%) can cause poor noodle colour, 
undesirable cooking loss and excessive surface swelling. 
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6.3 Flour colour properties 
 
Flour colour affects the appearance of the finished product and is therefore one of the 
many flour specifications required by end users. Flour colour affects the value of wheat 
and is significant to those seeking to improve quality, end-product range and 
marketability of wheat. In general, a bright white colour flour is more desirable for 
instant noodles. The flour colour characteristics measured in terms of L*, a* and b* 
values are shown in Table 6.2. 
 
Table 6.2 Colour characteristics of the three flours studied 
 
Flour sample L* a* b* 
AS 96.53 ± 0.29 - 1.17 ± 0.14 8.63 ± 0.14 
Baker’s 94.10 ± 0.14 - 1.00 ± 0.14 10.50 ± 0.29 
Buckwheat 87.10 ± 1.50 - 0.20 ± 0.66 9.20 ± 1.00 
Notes a L*, (whiteness); - a*, (greenness); b*, (yellowness). 
 
b Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence 
level. 
 
AS and Baker’s show only minor differences in colour profiles, whereas buckwheat 
flour has a slightly darker colour profile (L* = 87.10) compared with AS and Baker’s. 
Buckwheat’s low L* values is due to the introduction of the outer bran (which is high in 
fiber and nutrients) during the milling process. The inclusion of bran into buckwheat 
flour produced a rich brown colour with dark flecks (refer to Figure 5.1). 
 
6.4 The preparation of instant noodles samples 
 
Two categories of noodles samples were compared for the preliminary analysis, namely 
laboratory and commercial samples. When preparing the laboratory noodle samples 
(using AS and Baker’s flours only), the preparation methods closely reflected 
commercial formulations and processing practices. The procedures were based on 
published approaches and were described in Section 5.3. In addition, it is noted that all 
the noodles samples were cooked to their individual optimum times prior to assessment. 
 
Seven popular commercial brands were purchased in Melbourne, to reflect the different 
consumers’ taste preferences (Figure 5.2). These instant noodles were produced in 
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various countries in the Asian region and the details of the commercial instant noodles 
samples were tabulated in Table 5.3. It is noteworthy that among these noodles 
samples, none was made in Australia, due to the unavailability of such product in the 
marketplace. As for the laboratory samples, these noodles were cooked to the optimum 
time prior to further analysis. 
 
6.5 Preliminary analysis of laboratory and commercial instant noodles 
 
The following sections present the results of textural profile analysis, colour profile, fat 
uptake and internal microstructure of both types of instant noodles.  
 
6.5.1 Texture Profile Analysis (TPA) 
 
Instrumental analysis and sensory evaluation are the two main approaches used to assess 
textural attributes. Szczesniak (2002) proposed that “texture” is perceived through the 
human senses of kinethesis and touch during handling and consumption, and is 
therefore a sensory attribute. In reality the eating process is complex involving the jaw 
movement to bite, saliva to moisten the food as well as the bite size. Hence some 
reservations have been expressed about measuring texture using instrumental 
approaches. 
 
However instrumental methods provide consistency when measuring the underlying 
mechanical and physical properties of foods that lead to the perception of texture. 
Instrumental analyses usually apply relatively simple deformation geometrics to food 
samples in a clean laboratory environment. Such analyses are widely applied to the 
assessment of noodle texture either as a stand alone technique or to complement sensory 
testing (Ross, 2006). The wide adoption of this approach is due to instrumental analysis 
providing researchers with a convenient and cost effective way to evaluate changes in 
mechanical properties as a result of changes in raw materials, formulation or processing 
conditions. Additionally, a variety of investigations have reported that the results of 
these two main approaches to analysis are directly related (Ross, 2006). 
 
Many instrumental methods have been developed to measure textural attributes for a 
wide variety of foods. Of the many different methods, force measurement is the most 
common, where: 
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 Force (N) = Mass × Length × Time-2 
 
Force measuring tests include puncture, compression-extrusion, cutting-shear, 
compression, tensile, torsion, bending and snapping and deformation (Ross, 2006). 
 
The TPA method was first presented by Bourne (1968), and is a compression test that 
compresses a bite-size piece of food two times in a reciprocating motion which imitates 
the action of the jaw. The resultant force-time curve gives a number of textural 
parameters which correlate well with sensory evaluation (Friedman et al., 1963; Peleg, 
1976; Szczesniak, 1963). A typical pattern obtained from TPA is shown in Figure 5.7. 
 
For the analysis of noodle samples in the current study, the TPA method was adopted 
following a review of the various options available. In the selection, a significant factor 
was the fact that TPA has been commonly used in testing noodle products. For the TPA 
analysis, the TA-XT2 texture analyzer equipped with a 35 mm flat cylinder probe was 
used to measure noodle textural properties. The TPA values and noodle dimensions are 
tabulated in Table 6.3. 
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Table 6.3 TPA values and noodles dimension for instant noodles (commercial and laboratory products) 
 
Noodle 
Brand 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
Fried noodles 
width 
(mm) 
Fried noodle 
thickness 
(mm) 
Indomie 18.1 ± 0.7 0.65 ± 0.08 -0.44 ± 0.11 -0.06 ± 0.03 1.7 ± 0.2 1.7 ± 0.2 
Maggi 18.0 ± 1.1 0.59 ± 0.02 -1.14 ± 0.08 -0.19 ± 0.24 1.7 ± 0.2 1.6± 0.1 
Mama   9.9 ± 1.8 0.68 ± 0.14 -0.14 ± 0.04 -0.02 ± 0.02 1.8 ± 0.2 1.2 ± 0.1 
Myojo 14.6 ± 2.2 0.69 ± 0.10 -0.23 ± 0.02 -0.03 ± 0.02 1.4 ± 0.2 1.3 ± 0.1 
Nissin 14.1 ± 1.8 0.60 ± 0.05 -0.37 ± 0.15 -0.03 ± 0.02 1.6 ± 0.2 1.5 ± 0.1 
Shin Ramyun 13.7 ± 1.9 0.69 ± 0.13 -0.22 ± 0.04 -0.03 ± 0.02 2.2 ± 0.2 1.7 ± 0.1 
Wei Wei A  7.3 ± 1.6 0.65 ± 0.11 -0.10 ± 0.16 -0.01 ± 0.02 2.0 ± 0.1 1.0 ± 0.1 
AS 17.8 ± 0.9 0. 60 ± 0.13 -1.77 ± 0.48 -0.21 ± 0.02 1.6 ± 0.1 1.5 ± 0.1 
Baker’s 16.1 ± 1.7 0.58 ± 0.04 -1.18 ± 0.62 -0.08 ± 0.22 1.8 ± 0.1 1.5 ± 0.1 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
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Based on the results gathered (Table 6.3) the sample of Wei Wei A noodles has the 
lowest hardness values followed by Mama Brand. The results also indicate that the 
hardness values of the laboratory prepared samples (using AS and Baker’s flours) were 
within the values obtained for the commercial samples but at a higher range. There is no 
major difference for the cohesiveness and adhesiveness values, however the AS and 
Baker’s samples appeared to have a slightly stickier texture among the samples studied. 
 
As highlighted in Section 3.2.1, protein content has a direct impact on the noodles 
hardness where high protein content tends to produce noodles with firmer texture. 
Therefore, in the case of Wei Wei A, made from 54% of wheat flour (refer Table 5.3) 
there is relatively low protein content in the product, and this produced a softer texture 
compared to the other noodle samples. 
 
Apart from protein content, the TPA results also indicate that noodle thickness may 
affect the hardness values. Both Wei Wei A (2.0 mm width × 1.0 mm thickness) and 
Mama (1.8 mm width × 1.2 mm thickness) noodles have a thin sheet dimension. On the 
other hand, Indomie, Maggi, AS and Baker’s noodles have higher hardness values. For 
these, noodle dimensions ranged from 1.6-1.8 mm (width) and 1.5-1.7 mm (thickness). 
 
6.5.2 Colour profile of the noodle samples 
 
Appearance is the second most important assessment for noodle quality and this refers 
to the combination of colour and brightness as well as the absence of discolouration. 
Colour and brightness of dough are affected by various conditions, including genotype 
and environmental effects on flour quality (protein content, enzymes), flour processing 
conditions (milling extraction rate, starch damage), formulation and methods of 
preparation (addition of salts/ alkali) as well as storage time and conditions 
(Bhattacharya, Luo, & Corke, 1999; Miskelly, 1984). In earlier work on traditional 
types of Asian noodles, it was found that protein influence product appearance (Moss, 
1971). More recently, Park and Baik (2004) highlighted that instant noodles made from 
flour of high protein content (>13.6%) exhibited a positive relationship in brightness 
(high L* values) but negative relationship in b* values. 
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The term discolouration refers to time-dependent darkening and this is an important 
issue for raw noodles. It is usually associated with the presence of polyphenol oxidase 
(PPO) (Kruger, Matsuo, & Preston, 1992; Miskelly, 1984). PPO is one of the flour 
enzymes which have a significant impact on noodle colour. Within a cultivar, protein 
plays a major role rather than PPO in affecting the discolouration of noodles (Baik, 
Czuchajowska, & Pomeranz, 1995). On average, there is ~3% PPO activity retained in 
wheat and PPO activities were found to increase as the flour extraction rate increased 
(Hatcher & Kruger, 1993). Discolouration of steamed-fried instant noodles is not 
considered to be a practically significant issue because PPO, and another enzyme 
associated with darkening (peroxidase), are naturally present in the dough and will be 
readily denatured by the heat treatments of steaming and frying (Kruger et al., 1992). 
 
The colour profiles of commercial and laboratory made instant noodles are listed in 
Table 6.4. The results show a variety of colour combinations and it is noted that some 
of the commercial noodles have added colourant (tartrazine) and spice ingredients (see 
Table 5.3) which may affect the final noodle appearance. AS and Baker’s have 
relatively low L* (less bright) and b* (less yellow) values compared with the 
commercial noodle samples. 
 
Table 6.4 Colour profiles for instant noodles (commercial and laboratory 
products) 
 
Noodle sample L* a* b* 
Indomie  82.90 ± 2.45 -5.20 ± 0.13 24.25 ± 1.59 
Maggi 81.48 ± 1.21 -2.08 ± 0.20 13.83 ± 1.62 
Mama 79.23 ± 1.37 -0.03 ± 0.75 21.53 ±1.23 
Myojo  81.60 ± 2.23 -2.18 ± 1.33 16.55 ± 0.30 
Nissin  79.78 ± 0.72 -2.63 ± 0.49 13.68 ± 0.61 
Shin Ramyun 78.28 ± 3.01 -5.33 ± 1.93 23.38 ± 1.24 
Wei Wei A 81.85 ± 1.81 -2.15 ± 0.54 17.23 ± 2.27 
AS 75.14 ± 0.91 -3.52 ± 0.36 15.78 ± 0.73 
Baker’s 78.08 ± 2.08 -2.80 ± 0.76 16.40 ± 0.91 
 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
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6.5.3 Fat uptake of the noodles samples 
 
Deep-fried instant noodles are widely chosen by consumers for their flavour, 
convenience and ease of preparation. The ingredients of the noodle dough contain very 
little fat with the flour typically containing less than 2 g of fat per 100g. During 
processing, after the noodle strands are steamed they are immediately fried resulting in 
gelatinisation of the starch granules and rapid dehydration of the noodles, thereby 
expediting the subsequent cooking by the consumer. Based on Table 6.5, laboratory 
made instant noodles have the highest fat uptake: AS noodles 24.9% and Baker’s 
noodles 18.7%. The fat uptake of commercial samples ranged between 12.3% (Shim 
Ramyun) and 17.1% (Nissin). From previous studies it is known that fat uptake is 
affected by the content and quality of the flour protein. Section 3.2.1 had highlighted 
the fact that noodles made from high protein absorb less oil compared with low protein 
flour. The results of the current experiment appear to confirm previous findings. The 
mechanism whereby oil is taken up into the structure of the noodles will be discussed in 
detail in Section 7.3.3. 
 
Table 6.5 Fat uptake for instant noodles (commercial and laboratory products) 
 
Noodle sample Fat uptake (%) 
Indomie  12.4 ± 1.2 
Maggi  14.2 ± 0.6 
Mama 12.8 ± 0.8 
Myojo  16.1 ± 0.3 
Nissin  17.1 ± 0.2 
Shin Ramyun 12.3 ± 0.1 
Wei Wei A 15.5 ± 0.6 
AS 24.9 ± 2.3 
Baker’s 18.7 ± 2.1 
 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
 
6.5.4  ESEM appearance of the noodles samples  
 
Although numerous studies have reported on the microstructure of wheat and wheat 
products, very few have dealt specifically with instant noodle products. In this section, 
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ESEM was applied to compare changes in the internal microstructure of the noodle 
samples. ESEM is a relatively new technique which allows the examination of 
specimens in a gaseous environment rather than under high vacuum conditions. The use 
of this instrument expedites the preparation and testing of samples as specimens do not 
require any time consuming preparation such as conductive coating. 
 
The internal microstructure of instant noodle strands is shown in Figure 6.1 and 6.2 
The micrograph of Mamee, Myojo and Nissin samples show a more compact surface, 
with less voids compared to other samples. In contrast, in the laboratory samples, voids 
were observed inside the structure of the noodles. It is noted that the internal 
microstructure of Baker’s noodles was more uniformly open than AS. These 
micrographs will serve as a control reference for later discussion in Chapters 7 and 8 
where the impact of formulation and processing are considered. 
 
Indo mee Maggi 
 
 
Mamee Myojo 
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Nissin Shim Ramyun 
 
 
Wei Wei A  
 
Fig. 6.1 ESEM images of the cross section for uncooked commercial instant 
noodle samples 
 
  
AS Baker’s 
 
Fig. 6.2 ESEM images of the cross section for uncooked instant noodle samples 
prepared under laboratory conditions 
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6.6 General discussion and summary of the preliminary results 
 
In summary, three commercial flours were analysed and their results were discussed in 
this chapter. The AS and Baker’s flour samples were used to prepare instant noodles, 
and the quality characteristics of the products were profiled. In addition, seven 
commercial instant noodles samples were examined in order to provide a basis of 
comparison with the laboratory products. The results indicate that noodles prepared with 
AS flour had a slightly higher hardness and stickiness values, less appealing colour as 
well as higher fat uptake. On the other hand, the internal microstructure of laboratory 
samples was comparable with that of commercial samples. These results form the basis 
for further comparison and discussion in the following chapters. 
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Chapter 7 
 
Results and discussion:   Experimental design and effects of 
additional raw ingredients on the sensory attributes of instant 
noodles  
 
 
 
The experimental approach - Central Composite Design (CCD) and the effects of 
additional raw ingredients on the properties of instant noodles are discussed in this 
chapter. The ingredients selected were MTGase, SSL, water, APC and CMC. In this 
study, AS flour was used as a base material in making instant noodles. 
 
7.1 Central Composite Design (CCD) 
 
As the first stage of developing trials to evaluate the use of various ingredients in noodle 
formulations, consideration was given to the selection of the most appropriate design for 
the studies. An experimental design is a method of planning or strategy used to test the 
hypothesis and answer research questions in a systematic way. The purpose of 
establishing an experimental design is to control extraneous variation and ensure that 
data can be statistically analysed in an appropriate manner. The selection of a design 
should be done prior to the commencement of any experiments. 
 
CCD is a particularly useful experimental design due to its ability to build a second 
order (quadratic) model for the response variable without a need to develop a three-level 
factorial experiment. The second order model is important for the construction of a three 
dimensional response surface diagram. In addition, this approach also considers the 
interaction effect between two or more variables at any one time and this helps in the 
assessment of the research questions effectively. According to Morgan (1991), CCD is 
set up in such a way that maximum information can also be obtained from a minimum 
number of experiments. The results from each experiment can be used to obtain 
regression models from which optimum settings may be predicted. A generalised 
graphical representation of CCD is presented in Figure 7.1 where the X and Y axes 
show the two independent variables and the Z axis is the response variable being 
measured. 
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There are three types of CCD design: Central Composite Circumscribed (CCC), Central 
Composite Inscribed (CCI), and Central Composite Face-centred (CCF) (Beijersten & 
Westerlund, 1995). All three of these have the same structure but with different values 
for factors ai and bi. The corresponding values for these factors for each of the three 
CCD are listed in Table 7.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1 A graphical representation of a CCD 
Note The parameter identified here as α is further described later in this section 
 
Table 7.1 Factors a and b for CCD with full factorial cube points 
 
Central Composite Design bi 
ai 
Range i 
CCC 
CCI 
CCF 
n ½ 
n ½ 
1 
2 ai 
2 bi 
2 ai =  2 bi 
 
In this thesis, CCF design was adopted, where the variables are coded with values of 
“+1” (high) and “-1” (low). The centre point(s) in the design are assigned “0”. Equal 
weight was given to all variables in the regression equation and bias which may arise 
due to differences in magnitude of variables was removed. In applying CCF designs, the 
centre point is often replicated in order to enhance the precision, to estimate 
 
(-1, 1, -1) 
(-α, 0, 0) 
(-1, -1, -1) 
(0, -α, 0) 
(0, 0, - α) 
(1, -1, -1) 
(1, 1, -1) 
(α, 0, 0) 
(0, α, 0) 
(1, 1, 1) 
(0, 0, α) 
(-1, -1, -1) 
(-1, -1, 1) 
Factor C 
Factor B 
Factor A 
(0, 0, 0) 
(1, -1, 1) 
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reproducibility of the method and to check whether the response surface has curvature 
(Goupy, 2005). Centre points are a set of experimental runs having values of each factor 
corresponding to the means of the values used in the factorial portion. 
 
CCF consists of a two-level factorial design with centre points that are augmented with 
a group of ‘star points’ that allow estimation of curvature. The star points represent high 
and low values for each factor in the design. In a CCF design, a five level design is 
formed where each factor is converted to the coded values –α, -1, 0, +1, +α. Coding 
enables factors with different units to be compared on a more equitable basis. The cube 
is the factorial component of the design while the other points forming a star are the 
axial points. The corners of the cube and the axial points each represent one 
experimental run. The distance of the axial points, α, varies depending on the number of 
factors, k, to be optimised.  
α  =  [2k]¼ 
 
For two or three factor designs, the rotatability of α is equal to 1.414 and 1.682 
respectively. If the design is rotatable, then there is a uniform distribution of 
information. In this study, the design α is set as 1 for CCF and this is often 
compromised for a CCF design. When α is set as 1, this implies that the design is not 
rotatable and the high and low levels for axial and cube points are the same. CCF offers 
information on the relationship between the factors and the responses (Goupy, 2005). A 
three-dimensional response surface is typically created from the response surface 
designs, providing a visual representation of the effects of two factors on the responses. 
The response surface design is a polynomial model where the “surface” is represented 
mathematically. These plots can supply a graphical representation of the data over the 
ranges observed and can be used to forecast areas of most favorable performance. The 
CCF, along with the multi-linear regression, can estimate the main effects b1, two way 
interactions b12, and the second order effects b12. Coefficients of the polynomial 
equation can be determined by regression analysis.  
 
Y = bo + b1x1 + ….+ bnxn + b12x1x2 +…+ bn-1,nxn-1xn + b11x12 +….+ bmnxn2…….Eq  
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Where:  
b0  : the intercept 
b1  to  bn : the main effect coefficients  
b12  to  bm,n   : the two way interaction coefficients 
b11  to  bnn  : the second order coefficients 
 
Based on the benefits outlined here, it was decided that CCF would be adopted for the 
experimental design for most of the remaining experimental phases described in this 
thesis. In the following sections, the application of this approach to the investigation of 
the effect of the addition of raw ingredients on the sensory attributes of instant noodles 
is introduced. 
 
7.2 Overview of studies of ingredient formulation 
 
The literature review chapters have established that texture, colour (appearance) and fat 
uptake are critical characteristics for production of quality instant noodles. The 
preliminary results (Chapter 6) indicated that AS flour (low protein content) is not 
suitable for making instant noodles as it has relatively hard texture, dull and less 
attractive appearance as well as high fat uptake.  
 
In this phase of the current study, several types of raw ingredients were used in 
conjunction with AS flour in the instant noodle formulation. The experiments were 
intended to investigate whether additional ingredients can enhance instant noodle 
quality. Two sets of experiments were conducted. For the first group, the variables were 
MTGase, SSL and water and in the second group APS and CMC. The functionalities of 
these ingredients and their potential application in noodle production have been 
described in Chapter 3. 
 
7.3 MTGase, SSL and water 
 
In the first set of experiments, MTGase, SSL and water were added into the instant 
noodle formulation and the experiment was carried out according to the CCF approach 
and detailed in Table 7.2. Eighteen experimental runs were performed (including four 
centre points) and run order 17 was designated as the control sample. 
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The activity of the MTGase preparation was confirmed to be 0.2 µkat per g using the 
method described by Folk (1970). The results obtained for TPA, colour profile, fat 
uptake and internal microstructure of the instant noodles were presented and discussed 
in the following sections. 
 
7.3.1 MTGase, SSL and water: TPA of cooked noodles 
 
Parameters for instant fried noodle obtained from TPA (hardness, cohesiveness, 
stickiness and adhesiveness) are summarised in Table 7.2 and the regression 
coefficients of the variables are tabulated in Table 7.3. Response surfaces for the effect 
of MTGase, SSL and water content on the noodles hardness values are shown in Figure 
7.2. The regression analysis shows that the combination of MTGase and SSL (P<0.05) 
and SSL and water (P<0.05) significantly affected the hardness values. On the other 
hand, there is no significant influence (P>0.10) of these three ingredients for the 
cohesiveness, stickiness and adhesiveness values.  
 
The results of hardness (or firmness) measurements, defined as the maximum peak 
force during the first compression cycle (first bite), are illustrated in Figure 7.2. The 
response surface effect of MTGase and SSL increased steadily with increasing MTGase, 
as seen in Figure 7.2A. Addition of SSL increased hardness, particularly at the 0.5% 
level where the hardness value was highest. Figure 7.2B shows the response surface for 
MTGase and water affecting hardness. With increased water, there was a corresponding 
decrease in hardness value. However when MTGase was added, texture improved, 
especially at high water content levels. Figure 7.2C shows that the hardness values 
decreased with increasing water. The effect of SSL at 0.25% and 0.5% was also 
significant, particularly at 0.5%, which recorded the highest hardness value. However, 
the addition of water diminished the effect. The results show that MTGase and SSL 
perform complementary roles in enhancing textural quality of instant noodles. 
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Table 7.2 TPA parameters for cooked instant fried noodles 
Run 
Order 
MTGase 
(%) 
SSL 
(%) 
Water 
(%) 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
1 0.00 0.25 37.50 22.56 ± 2.41 0.67 ± 0.04 -2.63 ± 2.06 -0.14 ± 0.14 
2 0.50 0.00 37.50 30.37± 4.59 0.61 ± 0.12 -2.55 ± 1.14 -0.32 ± 0.18 
3* 0.50 0.25 37.50 29.25 ± 1.58 0.66 ± 0.07 -3.37 ± 1.01 -0.38 ± 0.13 
4 0.50 0.50 37.50 27.44 ± 3.44 0.67 ± 0.02 -3.18 ± 0.70 -0.34 ± 0.07 
5 1.00 0.25 37.50 30.43 ± 2.65 0.66 ± 0.03 -2.87 ± 0.71 -0.16 ± 0.17 
6* 0.50 0.25 37.50 30.71 ± 5.42 0.67 ± 0.04 -2.75 ± 0.54 -0.21 ± 0.22 
7 0.50 0.25 35.00 32.94 ± 5.62 0.64 ± 0.06 -2.80 ± 0.58 -0.32 ± 0.31 
8 0.50 0.25 40.00 25.18 ± 2.12 0.65 ± 0.10 -2.94 ± 0.40 -0.31 ± 0.04 
9 1.00 0.00 35.00 33.42 ± 2.10 0.66 ± 0.06 -2.48 ± 0.42 -0.29 ± 0.11 
10 0.00 0.00 40.00 19.81 ± 5.13 0.66 ± 0.05 -1.66 ± 0.68 -0.19 ± 0.05 
11* 0.50 0.25 37.50 28.53 ± 2.40 0.68 ± 0.03 -3.24 ± 0.81 -0.30 ± 0.06 
12 1.00 0.00 40.00 30.77 ± 5.90 0.63 ± 0.14 -2.22 ± 0.72 -0.27 ± 0.04 
13 1.00 0.50 35.00 38.78 ± 3.18 0.59 ± 0.10 -4.38 ± 0.50 -0.59 ± 0.18 
14* 0.50 0.25 37.50 30.68 ± 5.74 0.67 ± 0.06 -3.06 ± 0.49 -0.36 ± 0.12 
15 0.00 0.50 40.00 24.03 ± 4.49 0.66 ± 0.09 -2.87 ± 0.81 -0.31 ± 0.16 
16 0.00 0.50 35.00 32.84 ± 6.21 0.61 ± 0.08 -3.46 ± 0.81 -0.41 ± 0.24 
17 0.00 0.00 35.00 20.62 ± 3.53 0.65 ± 0.06 -2.58 ± 0.09 -0.24 ± 0.06 
18 1.00 0.50 40.00 27.20 ± 4.23 0.62 ± 0.17 -2.91 ± 0.33 -0.32 ± 0.02 
Notes a Results are presented as mean values ± 95% confidence level; * = centre points 
 b Run order = randomised order generated by CCF design 
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Figure 7.2 Response surfaces for the effect of MTGase : SSL (A), MTGase : 
water (B) and SSL : water (C) on hardness values 
 
Table 7.3 Regression coefficients of second-order polynomial models for TPA 
and fat uptake responses analysis (in coded units) 
 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
Fat uptake 
(%) 
Factor 
Coef P Coef P Coef P Coef P Coef P 
Constant  
M 
S 
W 
M × M 
S × S 
W × W 
M × S 
M × W 
S × W 
R2 (%) 
29.467 
4.074 
1.529 
-3.161 
-2.185 
0.225 
0.382 
-1.830 
-0.578 
-2.118 
92.43 
0 
0 
0.052 
0.002 
0.138 
0.868 
0.778 
0.041 
0.456 
0.023 
- 
0.670 
-0.011 
-0.006 
0.005 
0 
-0.021 
-0.019 
-0.003 
-0.008 
0.010 
69.02 
0 
0.150 
0.424 
0.469 
1.000 
0.167 
0.212 
0.679 
0.309 
0.223 
- 
-3.078 
-0.165 
-0.531 
0.312 
0.201 
0.088 
0.076 
-0.063 
0.028 
0.112 
81.54 
0 
0.212 
0.003 
0.036 
0.429 
0.724 
0.759 
0.655 
0.840 
0.433 
- 
-0.306 
-0.035 
-0.066 
0.045 
0.118 
-0.059 
-0.047 
-0.008 
0.019 
0.038 
81.45 
0 
0.156 
0.018 
0.078 
0.029 
0.211 
0.312 
0.745 
0.465 
0.158 
- 
28.298 
-1.228 
0.591 
-1.348 
-0.644 
-2.059 
-3.454 
-0.869 
1.691 
1.126 
83.26 
0 
0.105 
0.400 
0.080 
0.639 
0.160 
0.034 
0.277 
0.055 
0.170 
- 
Notes a M = MTGase; S = SSL; W = Water; Coef = Coefficient 
 b P* is the probability that Ho (null hypothesis) is true, i.e. coefficient is not significant 
 
Past research has indicated that flour protein quality and content have a positive 
relationship with textural properties of noodles (Hatcher et al., 1999; Morris, Jeffers, & 
Engle, 2000; Park & Baik, 2004; Ross, Quail, & Crosbie, 1997). It is anticipated that the 
AS control will therefore give the lowest hardness value (Table 7.2). The results of the 
current study confirm that the addition of MTGase, increased the hardness of instant 
C 
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noodles prepared from AS flour, as expected. Wu and Corke (2005) found that MTGase 
treatment had increased the hardness and the strength of WSN. Gan et al. (2009) 
reported that yellow noodle treated with MTGase had exhibited significantly (P<0.05) 
higher tensile strength and elasticity. The increase in hardness with MTGase treatment 
was related to formation or development of a stronger and tighter protein network 
(particularly the starch granules) which is responsible for limiting excessive water 
uptake during cooking (Kovacs, Fu, Woods, & Khan, 2004). The results from the 
micrograph (Figure 7.4B) also support this by showing a more developed 
microstructure with increased cross-linking and greater adhesion of starch granules for 
the samples treated with MTGase. 
 
The formation of the SSL and starch complex reduces the starch lost in the water during 
the cooking process. The experiments indicate that by adding SSL into the noodles 
formulation, a firmer and less sticky instant noodle was produced. Noodle texture 
improved with the incorporation of SSL particularly at 0.25% and 0.5% levels. It 
appears that SSL provides some lubrication and helps to develop (hold) the starches in 
the dough network. Adding SSL decreases the work required during kneading and 
sheeting steps. The experiments here are consistent with other research work (Shiau, 
2004) which indicated that increasing SSL (from 0 to 1.5%) can increase tensile 
strength and cutting forces for extruded noodles. 
 
Based on the current observations, dough mixed with higher amounts of water exhibited 
poor sheeting properties i.e. the dough was soft to sheet and torn easily when passing 
through the rolls. On the other hand insufficient water incorporation tended to produce 
stiff and less extensible noodle sheets. Similar findings have been reported by Park and 
Baik (2002). Increased water content also resulted in lower noodle hardness texture and 
more blisters were observed on the surface of instant noodle. 
 
7.3.2 MTGase, SSL and water: Colour profile 
 
In this section, the colour profile of the instant noodles made with various treatments are 
discussed. Based on the regression analysis, the addition of MTGase, SSL and water 
have insignificant (P>0.10) impact on the L*, a* and b* values as seen in Table 7.4. 
This is demonstrated by the low R2 of MTGase (57.9%), SSL (69.7%) and water 
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(53.4%). The coefficient of determination R2 is a statistical measure of how well the 
regression model approximates the real data points. The value of R2 gives the 
percentage of variation in the data explained by the regression model. Generally, a high 
R2 (≥80%) indicates that there is a significant relationship between the variables and 
responses. 
 
For AS, the addition of MTGase (particularly at 0.5%) influenced L* whereas the values 
of a* and b* were only marginally affected. When 0.25% SSL was added, the L* value 
increased but a reverse effect was observed with the addition of 0.50% SSL. The a* and 
b* values decreased slightly with the addition of 0.25% and 0.50% SSL. Water at 40%, 
increased the L* value and b* values but decreased the a* value. However, it should be 
emphasised that there is less than 5 unit variation in L*, a* and b* and the differences in 
visual appearance were relatively minor. 
 
Table 7.4 Colour characteristics of selected instant fried noodle samples 
 
Notes a Results are presented as mean values ± 95% confidence level 
 b L*: whiteness; -a*: greenness; b*: yellowness 
 
The data (which show negligible impact on colour) may reflect the impact of processing 
activities during the instant noodle preparation particularly frying, and the resultant oil 
uptake. Instant noodles prepared from the control AS flour have a looser network (refer 
to Section 6.5.4) compared to other treated samples. This allows oil to readily penetrate 
the noodle strands and hence absorb more oil during the frying process. Therefore, 
instant noodles prepared from AS flour are expected to absorb more oil during frying 
and thus the noodle colour may reflect that of the frying oil used. This implies that the 
observations on light reflectance (L*, a* and b* values) for AS flour are masked by the 
effects of oil uptake. 
Sample L* a* b* 
AS (control)  
MTGase (0.50%) 
MTGase (1.00%) 
SSL (0.25%) 
SSL (0.50%) 
Water (40.00%) 
75.14 ± 0.91 
79.80 ± 1.22 
76.86 ± 1.24 
79.70 ± 0.71 
73.92 ± 1.28 
77.38 ± 0.93 
-3.52 ± 0.36 
-3.30 ± 0.47 
-3.44 ± 0.39 
-2.84 ± 0.49 
-3.34 ± 0.34 
-3.14 ± 0.61 
15.78 ± 0.73 
16.08 ± 0.74 
16.44 ± 0.80 
15.58 ± 0.77 
15.60 ± 0.61 
15.98 ± 0.50 
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7.3.3 MTGase, SSL and water: Fat uptake of instant fried noodles 
 
Response surfaces for the effect of MTGase, SSL and water content on fat uptake are 
presented in Figure 7.3 and the regression analysis is shown in Table 7.3. The data 
indicates that MTGase and water addition significantly (P<0.05) affect fat uptake rather 
than other combinations (such as MTGase and SSL as well as SSL and water). Initially 
fat uptake increased slightly as more water was incorporated and it then decreased 
significantly as moisture was increased further from 36-40%. 
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Figure 7.3 Response surfaces for the effect of MTGase : SSL (A), MTGase : 
water (B) and SSL : water (C) on fat uptake values 
 
With the addition of 1.0% of MTGase at 35% water content, there was a small drop in 
fat uptake. The action of MTGase to form stronger and less porous dough network has 
resulted in a lower oil uptake during the frying process. From the current study, there 
appears to be an inverse relationship between water added and oil uptake. Gamble, Rice 
and Selman (1987) found that moisture loss and oil uptake by potato slices were inter-
related and were both linear functions of the square root of frying time. 
 
Fat uptake during frying is important, as high uptake means more oil is absorbed by the 
product, and this may increase production costs. Additional oil uptake may also 
adversely affect product shelf life such as caused rancidity, this is particularly related to 
the development of off flavours due to rancidity reactions. Oil uptake into fried products 
can be explained by oil replacement of removed water (Gamble et al., 1987). During 
noodle frying, many tiny holes are created as water is rapidly removed and replaced by 
oil on the surface of the noodles (Hou, 2001; Ziaiifar et al., 2008). Based upon studies 
of potato chips, Ufheil and Esher (1996) suggested that oil is absorbed from the 
superficial layer when the product is removed from the fryer rather than during the 
frying stage. This occurs as a result of cooling when water condenses and there is 
depressurisation within the product. Mehta and Swinburn (2001) also added that there is 
little fat uptake while the product is immersed in hot oil and while steam is still 
escaping. They concluded that oil is absorbed primarily during the cooling stage. From 
C 
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the current observations on noodles, we found that when more water was incorporated, 
a longer time was needed to transform this into steam and evaporate it from the surface 
of the strands. Hence, increased water incorporation indirectly caused a decrease in fat 
uptake. 
 
The content and quality of the flour protein is believed to have played a key role in oil 
absorption (Moss et al., 1987; Park & Baik, 2004). Moss et al. (1987) reported that 
noodles made from high-protein wheat flour absorbed less oil compared with the high 
absorption for low-protein flour. They proposed that the high oil absorption in low 
protein flour noodles was due to the formation of what were described as coarse 
globules during steaming, allowing oil to penetrate readily through the noodle strands. 
A significant inverse correlation between oil uptake and protein content has also been 
reported by Park and Baik (2004). The current study demonstrates that the use of 
MTGase in combination with adjusting the addition of water can be applied to reduce 
fat uptake when low protein flour is used. 
 
7.3.4 MTGase, SSL and water: ESEM 
 
The microstructure of instant noodle strands (after frying) is shown in Figure 7.4. In 
contrast to the control sample (Figure 7.4A), a more compact appearance was observed 
with the addition of 1.0% MTGase (Figure 7.4B), and a more continuous matrix was 
observed with the addition of 0.5% SSL (Figure 7.4C). A moderate porous structure 
was observed when higher levels (40%) of water were used (Figure 7.4D). As 
mentioned in Section 7.3.3, fat uptake is affected by the structure (coarse globules and 
porosity) of the noodle strands and this relates to the results presented in Figure 7.3. 
The control sample has the highest fat uptake (29.8%) compared to those with 1.0% 
MTGase (23.6%), 0.5% SSL (27.2%) as well as that with 40% water (18.43%). 
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A 
 
B 
 
C 
 
D 
Figure 7.4 ESEM of the cross section for fried instant noodles, A for control, B 
with 1.0% MTGase, C with 0.5% SSL and D with 40% water 
 
Hollows and voids were more obvious on the surface of the control noodle sample. 
However, the noodle surfaces showed enhancement following the addition of MTGase, 
SSL and water as these result in a more continuous protein network with fewer voids. In 
a study of the impact of MTGase on gluten, Larre et al. (2000) described an increased 
connectivity within the gluten network. The changes in the microstructure of instant 
fried noodles after MTGase and SSL addition were thus related to the much tighter 
network structure formed by cross-linking among gluten proteins. 
 
7.4 APS and CMC 
 
The second combination of additional ingredients studied in this phase of the study was 
APS and CMC. This study consists of 11 experimental runs with 3 centre points. Run 
order 1 was designated as the control sample. 
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7.4.1 APS and CMC: TPA of cooked noodles 
 
Parameters for instant noodles obtained from TPA are summarised in Table 7.5 and 
Table 7.6 tabulates the regression coefficients of the textural variables. Response 
surface graphs for the effect of APS and CMC on textural characteristics (hardness, 
cohesiveness, stickiness and adhesiveness) are shown in Figure 7.5. 
 
The data indicates that the interaction between APS and CMC has a major (P<0.10) 
effect on the hardness of cooked instant noodles. Figure 7.5A shows that hardness 
values increase steadily with increasing CMC. The highest hardness value was reached 
when 1.0% of CMC was added into the formulation. For APS, 10% addition had 
minimal impact on hardness but with increased amounts, hardness values increased 
proportionately. 
 
The other TPA parameters measured showed less effect in response to the addition of 
the hydrocolloids (Table 7.5 and Table 7.6). Cohesiveness is defined as the rate at 
which the samples disintegrate under mechanical action. The data indicates that CMC 
has a highly significant impact (P<0.01) on cohesiveness values compared with APS. 
Figure 7.5B indicates that by increasing CMC from 0 to 0.75%, the cohesiveness values 
decreased steadily until reaching the lowest value at 0.75%. Thereafter cohesiveness 
values increased slightly with increases in CMC to 1.0%.  
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Table 7.5 TPA parameters for cooked instant fried noodles 
 
Run order APS 
(%) 
CMC 
(%) 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
1 0.0 0.00 21.07 ± 4.45 0.62 ± 0.05 -1.71 ± 0.30 -0.27 ± 0.06 
2 0.0 1.00 24.13 ± 1.37 0.55 ± 0.05 -1.72 ± 0.15 -0.30 ± 0.07 
3 20.0 0.00 24.41 ± 3.72 0.62 ± 0.05 -1.98 ± 0.19 -0.35 ± 0.16 
4 20.0 1.00 22.51 ± 1.38 0.54 ± 0.10 -1.50 ± 0.47 -0.29 ± 0.08 
5* 10.0 0.50 23.67 ± 2.15 0.56 ± 0.11 -1.29 ± 0.70 -0.26 ± 0.14 
6* 10.0 0.50 22.68 ± 1.42 0.55 ± 0.06 -1.22 ± 0.39 -0.27 ± 0.12 
7 10.0 0.00 22.68 ± 1.59 0.63 ± 0.11 -1.92 ± 1.06 -0.30 ± 0.07 
8 10.0 1.00 25.63 ± 9.01 0.57 ± 0.10 -1.73 ± 0.97 -0.29 ± 0.18 
9 0.0 0.50 26.99 ± 5.87 0.54 ± 0.10 -1.94 ± 0.75 -0.33 ± 0.27 
10 20.0 0.50 26.52 ± 3.60 0.57 ± 0.04 -2.02 ± 0.87 -0.36 ± 0.18 
11* 10.0 0.50 23.94 ± 2.49 0.55 ± 0.05 -1.70 ± 0.43 -0.34 ± 0.25 
Notes a APS = Acetylated Potato Starch; CMC = Sodium Carboxymethyl Cellulose 
 b * = centre points 
 c Run order = randomised order generated by CCF design 
 d Results are presented as mean values ± 95% confidence level of triplicate determinations 
 
Table 7.6 Regression coefficients of second-order polynomial models for TPA 
responses (in coded units) 
 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
Factor 
Coef P Coef P Coef P Coef P 
Constant  
C 
A 
C × C 
A × A 
C × A 
R2 (%) 
23.71 
0.69 
0.21 
-1.02 
1.58 
-1.24 
80.82 
- 
0.19 
0.67 
0.21 
0.08 
0.08 
- 
0.55 
-0.03 
0.00 
0.04 
-0.00 
0.00 
87.84 
- 
0.01 
0.66 
0.01 
0.86 
0.97 
- 
-1.38 
0.11 
-0.02 
-0.20 
-0.36 
0.12 
82.70 
- 
0.19 
0.80 
0.14 
0.03 
0.24 
- 
-0.29 
0.01 
-0.02 
0.01 
-0.04 
0.03 
82.40 
- 
0.57 
0.11 
0.66 
0.03 
0.08 
- 
Notes a C = CMC; A = APS; Coef. = Coefficient 
 b P* is the probability that Ho (null hypothesis) is true, i.e. coefficient is not significant 
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Figure 7.5 Response surfaces for the effect of APS and CMC on Hardness (A), 
Cohesiveness (B), Stickiness (C) and Adhesiveness (D) values. 
 
Stickiness relates to the energy required to disintegrate a food to a form suitable for 
swallowing. The data indicates that there is no significant effect (P>0.10) when the 
variables are combined. Figure 7.5C shows the response surface effect of APS and 
CMC on stickiness values. There were only marginal differences in the stickiness 
values, which ranged from -1.22 to -2.02 N. 
 
Adhesiveness is measured as the force to overcome the cementing effect of food 
surfaces with other materials with which the food comes into contact. Experimentally it 
C 
D 
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was measured as the total force necessary to pull the compression plunger away from 
the noodle sample. The Figure 7.5D indicates that the interaction between APS and 
CMC significantly affect (P<0.10) the adhesiveness of cooked instant noodles. Initially, 
adhesiveness values decreased slightly, however with increasing APS the values 
steadily increased. When CMC was incorporated into the formulation, the cooked 
instant noodles samples showed less adhesive characteristics. 
 
As a summary of the TPA results, the addition of APS and CMC had improved the 
hardness and adhesiveness of cooked instant noodles prepared from AS flour. On the 
other hand, the addition of CMC had weakened the strength of internal bonds making 
up the primary structure of the noodles. Similar findings had been reported by Jae et al. 
(1993) where they found that the acylation reaction increases the hardness, adhesion and 
cohesion of rice starch gel. Later, Liu at al. (1999) found that acetylation of waxy rice 
starch doubled the gel hardness without affecting adhesiveness. Past work indicates that 
acetylation tends to reduce interactions between starch chains by steric hindrance, 
altering starch hydrophilicity and hydrogen bonding and resulting in a lower 
gelatinization temperature and a greater swelling of granules (Liu, Ramsden, & Corke, 
1997; Singh, Kaur, & Singh, 2004). The work of Chen et al. (2003) on WSN made from 
composite flour containing acetylated sweet potato starches produced low values for 
cohesiveness and cutting force (representing bite firmness of noodle strands). These 
attributes, and the addition of acetylated potato starch, produced instant noodles having 
a more desirable eating quality. 
 
In the current study, increasing CMC in the formulation appeared to result in less water 
being available to bind with other ingredients including flour components and APS. 
This resulted in a sticky dough thereby making the sheeting process difficult and 
ultimately affecting textural attributes. Similar findings were reported by Anton, 
Lukow, Fulcher and Arntfield (2009) who found reduced firmness and cohesiveness of 
tortillas with added CMC. The result of the current research also indicates that CMC 
does not contribute positively to the texture of instant noodles made from low grade 
wheat flour. 
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7.4.2 APS and CMC: Colour profile  
 
The data on the impact of adding APS and CMC on the L*, a* and b* values are shown 
in Table 7.7. With AS, adding 10% APS, increases L* but sees a drop in a* and b* 
values. As more APS was added L*, a* and b* values dropped further. When CMC was 
incorporated into the formulation L*, a* and b* values decreased. 
 
Table 7.7 Colour characteristics of selected instant fried noodle samples 
 
Note Results are presented as mean values ± 95% confidence level of triplicate determinations 
 
Increased incorporation of APS and CMC into the formulation resulted in samples 
which were less white and less yellow in appearance. The visual difference, however, 
was relatively minor with variances of less than 6 units among L*, a* and b* values. 
 
Protein content has previously been reported to exhibit a positive relationship with the 
brightness of instant noodles (Park & Baik, 2004). The results of the current study 
confirm the earlier findings (Section 7.3.2) as the low protein flour produced a dull 
colour compared to commercial noodles and those made using BS flour (Table 6.4). 
Furthermore, the colour effect might also be due to the low gluten content (in the final 
dough) where wheat flour was partially replaced and effectively there was dilution of 
the wheat flour with less coloured ingredients (APS and CMC). 
 
7.4.3 APS and CMC: Fat uptake and ESEM of instant fried noodles 
 
The response surface for the effect of APS and CMC on fat uptake is presented in 
Figure 7.6. The data indicates that APS had a major impact (P<0.05) with particularly, 
high uptakes occurring when >10% APS was incorporated. The regression analysis 
Sample L* a* b* 
Aust. Soft (control)  
APS (10%) 
APS (20%) 
CMC (0.5%) 
CMC (1.0%) 
APS, 10% & CMC, 0.5% 
75.80 ± 1.15 
77.64 ± 0.96 
75.32 ± 2.30 
74.72 ± 1.49 
72.44 ± 1.81 
70.58 ± 2.00 
-3.20 ± 0.42 
-3.04 ± 0.38 
-2.84 ± 0.59 
-2.96 ± 0.39 
-2.26 ± 0.87 
-2.48 ± 0.67 
15.26 ± 0.67 
13.66 ± 0.59 
12.26 ± 1.01 
14.50 ± 0.71 
12.88 ± 0.98 
12.36 ± 0.59 
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(Table 7.8) also confirmed that APS was the only factor studied which impacted fat 
uptake, with the lowest uptake observed with 10% APS incorporation. 
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Figure 7.6 Response surface for the effect of APS and CMC on fat uptake  
 
Table 7.8 Regression coefficients of second-order polynomial models for fat 
uptake responses (in coded units) 
 
Fat uptake (%) Factor 
Coef P 
Constant  
C 
A 
C × C 
A × A 
C × A 
R2(%) 
20.88 
0.25 
1.75 
1.39 
3.83 
0.02 
83.12 
- 
0.76 
0.08 
0.31 
0.03 
0.99 
- 
 
Notes a C = CMC; A = APS; Coef = Coefficient 
 b P* is the probability that Ho (null hypothesis) is true, i.e. coefficient is not significant 
 
The microstructure of instant noodle strands (after frying) is shown in Figure 7.7. The 
ESEM micrographs illustrate that when >10% APS was added, the fat uptake increases, 
possibly due to the coarse particles observed on the surface (Figure 7.7C) compared to 
the control sample (Figure 7.7A). A more compact appearance was observed with the 
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addition of 20% APS and 1% CMC (Figure 7.7D). On the other hand, a structure with 
fewer voids was seen with the addition of 1% CMC (Figure 7.7B). Hollows and voids 
were more obvious on the surfaces of the control sample and APS-treated instant 
noodles. The images show that enhanced product structure was obtained using both 
ingredients as these resulted in a more continuous protein network with fewer voids on 
the surface of the instant noodles. 
 
 
A 
 
B 
 
C 
 
D 
Figure 7.7 ESEM of the cross section for fried instant noodles cross section, (A) 
for control, (B) with 1.0% CMC, (C) with 20% APS and (D) with the 
combination of 20% APS & 1% CMC 
 
The results indicate that APS (particularly at 10% incorporation) can reduce fat uptake 
in samples made using low protein flour. CMC alone does not show a significant impact 
on the reduction of oil uptake. This may be due to the ability of CMC to form a film 
which shows resistance to fats and oils. A thin film results in limited resistance and 
permits a high moisture loss, whereas a thick coating can cause rupturing of the film 
from excessive pressure built up during frying (Annapure, Singhal, & Kulkarni, 1999). 
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7.5 General discussion and summary of results for additional raw ingredients 
in instant noodle formulations 
 
The addition of MTGase and SSL into the formulations of instant noodles prepared 
using a low protein flour provided an enhancement of hardness characteristics. However 
when the water in the formulation was increased, the hardness was impacted adversely. 
This is due to both the MTGase and SSL acting to improve the continuity of the protein 
network so that a stronger protein matrix with fewer voids was developed. The 
combination of MTGase and water incorporation was the primary determinant of oil 
uptake. In terms of L*, a* and b* values, the various combinations of the three variables 
resulted in no observable differences in the colour of the noodles.  
 
On the other hand, the combined use of APS and CMC primarily affects the textural 
attributes of hardness and adhesiveness, rather than the other quality parameters of 
instant noodles assessed here. The addition of CMC alone had a negative impact on the 
cohesiveness values of cooked instant noodles as well as minimal effects on stickiness 
and fat uptake. In contrast, APS has the potential to enhance noodle texture without 
significantly affecting the cohesiveness values. For the low protein flour investigated 
here, the results also show that APS, in partial replacement of wheat flour, reduced fat 
uptake for the instant noodles. 
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Chapter 8 
 
Results and discussion:   The effects of processing conditions 
on the sensory attributes of instant noodles 
 
 
 
This chapter will discuss the effects of processing conditions on the sensory attributes of 
instant noodles. The processing steps included are mixing, resting, number of folds and 
frying conditions. In this study, AS flour was used as the base material in making 
instant noodles. 
 
8.1 Introduction  
 
Each of the steps in processing of noodles affects the sensory attributes of noodles in its 
own unique way. Current knowledge on the significance of the processing steps has 
been reviewed in Section 3.4. This indicated that there is relatively little past 
experimental data available to clarify the impact of the various processing steps on 
quality measurements of instant noodles. It now remains to investigate the impact of 
these have on the sensory attributes of noodles. 
 
For this purpose, five processing variables have been identified, namely mixing time, 
resting time, number of folds, time and temperature of frying. The objective here is to 
investigate their effects on the attributes of instant noodles made from AS flour. For the 
current trials, the variables are divided into two groups and varied according to the 
experimental design established using the CCF approach. 
 
8.2 Mixing time, resting time and number of folds 
 
In this part of the experiment, the effects of mixing time, second resting stage and 
number of folds on the quality of noodles were investigated. In this context it is noted 
that the first stage of resting begins when the resultant crumb (after mixing) was placed 
into a resealable plastic bag and allowed to rest at room temperature (~22°C) for half an 
hour. This is followed by first dough sheeting and compounding steps. The second 
resting stage happens just after the first dough sheeting and compounding prior to the 
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consecutive sheeting steps (Section 5.3). In the current trials, the mixing time, second 
resting stage and number of folds were varied in the ranges of 1-7 min, 0-60 min and 1-
5 respectively. 
 
The noodle processing variations (combinations) were applied according to the run 
order established from the CCF design. A total of 18 variations were prepared, which 
included 4 centre points (Table 8.1). The results obtained for TPA, rehydration rate, 
cooking loss, colour profile, fat uptake and internal microstructure of the instant noodles 
are discussed in the following sections. 
 
8.2.1 Mixing time, resting time and number of folds: TPA of cooked noodles 
 
The experimental data indicates that the combination of mixing time and resting time 
significantly affect the hardness (P<0.10) and cohesiveness (P<0.05) values of cooked 
instant noodles. The TPA results for the effect of processing variables (mixing time and 
resting time) on textural characteristics are summarised in Table 8.1 and the response 
surfaces (hardness and cohesiveness) are shown in Figure 8.1. The other textural 
parameters measured (stickiness and adhesiveness) showed less effect (P>0.10) in 
response to the processing variables (Table 8.1 and 8.2). 
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Table 8.1 TPA values for instant fried noodles made from AS wheat flours  
 
Run order Mixing time  
(min) 
Resting time 
(min) 
Number of 
folds 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
1* 5 30 3 25.1 ± 1.8 0.57 ± 0.04 -1.68 ± 0.29 -0.23 ± 0.06 
2* 5 30 3 26.7 ± 2.5 0.54 ± 0.06 -1.77 ± 0.19 -0.27 ± 0.08 
3 5 60 3 22.8 ± 3.8 0.56 ± 0.04 -1.49 ± 0.36 -0.20 ± 0.12 
4 3 30 3 24.2 ±1.5 0.58 ± 0.05 -1.61 ± 0.15 -0.19 ± 0.04 
5 5 30 5 34.3 ± 3.3 0.57 ± 0.03 -2.62 ± 0.37 -0.24 ± 0.11 
6 7 30 3 31.7 ±1.8 0.56 ± 0.02 -2.34 ± 0.36 -0.37 ± 0.09 
7 5 0 3 31.7 ± 2.5 0.58 ± 0.02 -2.40 ± 0.30 -0.33 ± 0.09 
8 5 30 1 32.5 ±1.6 0.57 ± 0.02 -2.03 ± 0.56 -0.37 ± 0.13 
9 3 60 1 28.6 ± 3.4 0.53 ± 0.04 -1.62 ± 0.38 -0.18 ± 0.11 
10* 5 30 3 28.0 ± 3.0 0.57 ± 0.03 -2.21 ± 0.34 -0.40 ± 0.12 
11 7 0 1 22.7 ± 3.1 0.54 ± 0.03 -1.61 ± 0.38 -0.25 ± 0.09 
12 3 0 5 34.0 ± 2.2 0.57 ± 0.05 -2.27 ± 0.37 -0.45 ± 0.07 
13 7 60 5 23.8 ± 2.7 0.56 ± 0.03 -1.82 ± 0.29 -0.26 ± 0.10 
14 3 0 1 32.8 ± 3.8 0.61 ± 0.02 -1.99 ± 0.68 -0.41 ± 0.23 
15 3 60 5 25.3 ± 3.5 0.55 ± 0.03 -1.58 ± 0.37 -0.28 ± 0.09 
16* 5 30 3 27.2 ± 3.0 0.58 ± 0.03 -2.14 ± 0.37 -0.45 ± 0.14 
17 7 60 1 22.6 ± 1.7 0.55 ± 0.04 -1.53 ± 0.22 -0.23 ± 0.08 
18 7 0 5 23.0 ± 1.8 0.54 ± 0.03 -1.69 ± 0.28 -0.29 ± 0.06 
Notes a Results are presented as mean values ± 95% confidence level of triplicate determinations; * = centre points 
 b Run order = randomised order generated by CCF 
Chapter 8 
 
100
Design-Expert® Software
Hardness (N)
Design points above predicted value
Design points below predicted value
34.3
22.6
X1 = A: Mixing time (min)
X2 = B: Resting time (min)
Actual Factor
C: No. of folds = 3.00
  3.00
  4.00
  5.00
  6.00
  7.00
0.00  
15.00  
30.00  
45.00  
60.00  
21  
23.75  
26.5  
29.25  
32  
 
 
Ha
rd
n
es
s 
(N
)  
  A: Mixing time (min)  
  B: Resting time (min)  
 
Design-Expert® Software
Cohesiveness
Design points above predicted value
Design points below predicted value
0.61
0.53
X1 = A: Mixing time (min)
X2 = B: Resting time (min)
Actual Factor
C: No. of folds = 3.00
  3.00
  4.00
  5.00
  6.00
  7.00
0.00  
15.00  
30.00  
45.00  
60.00  
0.54  
0.5545  
0.569  
0.5835  
0.598  
 
 
Co
he
si
ve
ne
ss
 
 
  A: Mixing time (min)  
  B: Resting time (min)  
 
Figure 8.1 Response surfaces for the effect of mixing time and resting time on 
hardness (A) and cohesiveness (B) values of boiled instant noodles 
made from AS flour 
 
At 0 min resting time, the hardness values decrease steadily with increasing mixing time 
(Figure 8.1A). The highest hardness value was reached at the combination of 3 min 
mixing time and 0 min resting time. Hardness values decline both with further mixing 
and resting. The results indicate that a combination of short mixing time and long 
resting time tends to give a lower hardness value.  
 
A 
B 
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The response surface graph for cohesiveness is shown in Figure 8.1B. Cohesiveness 
values decreased when resting time was increased. At 1 hr resting time, there was little 
change for cohesiveness values in the range from 3-7 min mixing time. However with 0 
min resting time and increasing mixing time, the cohesiveness values dropped. The 
number of sheeting treatments had no significant impact (P>0.10) on either the hardness 
or cohesiveness values. 
 
Table 8.2 Regression coefficients of second-order polynomial models for TPA 
responses analysis (in coded units) 
 
Factor Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
Coef P Coef P Coef P Coef P 
Constant  
MT 
RT 
NF 
MT × MT 
RT × RT 
NF × NF 
MT × RT 
MT × NF 
RT × NF 
R2   (%) 
27.15 
-3.67 
-2.12 
0.14 
-6.91 
0.08 
6.21 
1.71 
0.47 
-0.45 
93.17 
0.00 
0.00 
0.02 
0.83 
0.01 
0.95 
0.01 
0.06 
0.53 
0.55 
- 
0.57 
-0.01 
-0.01 
-0.00 
-0.01 
-0.01 
-0.01 
0.02 
0.00 
0.01 
83.12 
0.00 
0.08 
0.08 
0.82 
0.63 
0.63 
0.63 
0.02 
0.46 
0.12 
- 
-2.06 
0.01 
0.19 
-0.12 
0.20 
0.23 
-0.16 
-0.14 
-0.02 
0.01 
54.28 
0.00 
0.95 
0.18 
0.37 
0.46 
0.40 
0.56 
0.36 
0.91 
0.93 
- 
-0.37 
0.01 
0.06 
-0.01 
0.04 
0.05 
0.02 
-0.04 
0.01 
-0.01 
63.78 
0.00 
0.71 
0.09 
0.79 
0.51 
0.37 
0.80 
0.22 
0.79 
0.85 
- 
 
Notes a MT = mixing time; RT = resting time; NF = number of folds; Coef = Coefficient 
 b P* is the probability that Ho (null hypothesis) is true, i.e. coefficient is not significant 
 
Previous studies have described the influence of mixing time but did not provide clear 
general conclusions. This may be due to observation that the impact of mixing depends 
strongly on the types of flour used (Bohlin & Carlson, 1980; Dreese et al., 1988; Létang 
et al., 1999). In the current study, long mixing times (>7 min) produced stiff dough balls 
which were difficult to sheet. The compounded dough sheets were also loosely held 
together (Figure 8.2). This was probably due to the limited extent to which gluten 
developed during mixing as mentioned by other researchers and could indicate some 
loss of structural integrity due to the weakness of the gluten interactions and the 
extended period of mixing (Crosbie & Ross, 2004; Hou & Kruk, 1998). The current 
results also show that increasing mixing time resulted in boiled noodles having softer 
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characteristics, confirming the findings of Hatcher et al. (1999) who linked increasing 
mixing times with a more uniform water distribution in the dough samples. Létang et al. 
(1999) have also shown that an increase of either mixing time or rest time has a 
softening effect. These findings were confirmed with the consistent decreases seen in 
the peak of Brabender Farinograph analyses with long mixing times as well as the rest 
period in their work. 
 
 
 
Figure 8.2 Noodle sheets prepared after mixing times of 8 min (A) and 
10 min (B) 
 
On the other hand, it is thought that a longer resting period improves handling and 
sheeting characteristics. Kubomura (1998) reported that resting improves dough 
uniformity and the formation of the gluten network, while contributing to the 
development of elasticity and hastening the de-aeration of the noodle dough. In 
addition, extending resting time facilitates further hydration of flour particles and the 
A 
B 
Chapter 8 
 
103
redistribution of water in the dough system. This step also assists in gluten formation 
which results in a smoother and less streaky dough sheet (Hou, 2001). However, in the 
current study, the results indicate that long resting time is not necessarily required nor 
desirable due to its negative effect reflected for both hardness and cohesiveness values 
for boiled instant noodles. 
 
8.2.2 Mixing time, resting time and number of folds: Rehydration rate and 
cooking loss 
 
In this study, analyses of rehydration rate and cooking loss were included to facilitate an 
understanding of how processing conditions affect the cooking properties of instant 
noodles particularly those made from low protein flour and the results for these 
parameters are tabulated in Table 8.3. 
 
The regression analysis indicates that the combination of resting time and number of 
folds had a major effect (P≤ 0.10) on cooking loss. On the other hand, none of the three 
variables studied had a significant impact on rehydration rate. The response surface 
graph shows that when the number of folds increased, the cooking loss decreased 
(Figure 8.3). This probably happens because increasing the number of folds greatly 
modifies and enhances the gluten development and network formulation, resulting in a 
dough sheet which is both strong and homogenous. 
 
After the fifth fold, the inner structure of the dough sheet became less porous (Figure 
8.5D) and the starch granules appeared to be firmly held. This may be due to the 
smoother and continuous protein network. In a study of Dexter et al. (1979), similar 
findings were reported for doughs specifically formulated for production of Japanese 
noodles. 
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Table 8.3 The rehydration rate and cooking loss values for instant fried noodles 
made from AS wheat flour  
 
Run 
order 
 
Mixing 
time 
(min) 
Resting 
time 
(min) 
No. of 
folds 
 
Rehydration 
rate 
(%) 
Cooking 
loss 
(%) 
1* 5 30 3 108.5 ± 13.1 11.2 ± 1.1 
2* 5 30 3 116.2 ± 7.0 10.7 ± 0.7 
3 5 60 3 104.5 ± 17.0 11.5 ± 4.0 
4 3 30 3 123.2 ± 21.6 11.3 ± 3.9 
5 5 30 5 126.9 ± 16.5 10.4 ± 2.4 
6 7 30 3 119.1 ± 10.6 12.0 ± 1.6 
7 5 0 3 112.3 ± 5.7 11.3 ± 1.7 
8 5 30 1 107.9 ± 13.0 12.3 ± 0.6 
9 3 60 1 112.4 ± 8.9 11.5 ± 1.3 
10* 5 30 3 122.0 ± 19.3 11.7 ± 3.7 
11 7 0 1 122.3 ± 6.2 11.2 ± 0.7 
12 3 0 5 122.8 ± 16.3 8.6 ± 0.7 
13 7 60 5 110.5 ± 8.9 9.3 ± 1.0 
14 3 0 1 118.6 ± 21.2 11.7 ± 1.6 
15 3 60 5 114.0 ± 11.2 10.6 ± 1.4 
16* 5 30 3 102.8 ± 2.7 11.6 ± 0.2 
17 7 60 1 117.0 ± 15.4 10.6 ± 1.6 
18 7 0 5 113.0 ± 2.2 8.4 ± 2.0 
 
Notes a Results are presented as mean values ± 95% confidence level of triplicate determinations 
 b * = centre points 
 c Run order = randomised order generated by CCF 
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Figure 8.3 Response surface for the effect of processing variables for cooking 
loss (%) of instant noodles made from AS flour 
 
8.2.3 Mixing time, resting time and number of folds: Colour profile 
 
The impact of the processing parameters on the L*, a* and b* values is shown in Table 
8.4 and Figure 8.4. Based on the regression analysis, b* values were affected (P<0.10) 
by mixing time and number of folds, with increases observed with prolong mixing time. 
At 7 min mixing time, the increased number of folds resulted in lower b* values. 
 
Overall, the visual difference was relatively minor with variation of less than 3 units 
among the b* values. The varying processing conditions had no significant impact for 
L* and a* values. Similar findings were reported by Morris et al. (2000), where they 
claimed that mixing time had essentially no effect on L*, a* and b* values in doughs for 
YAN production. On the other hand, greater differences were observed for the various 
flours used in their study. 
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Table 8.4 Colour profile for instant fried noodles 
 
Run 
order 
 
Mixing 
time 
(min) 
Resting 
time 
(min) 
No. of 
folds 
 
L* a* b* 
1 5 30 3 77.9 ± 0.5 -2.5 ± 1.3 13.2 ± 0.8 
2 5 30 3 77.9 ± 4.0 -2.5 ± 1.9 13.1 ± 0.5 
3 5 60 3 81.7 ± 3.7 -2.5 ± 1.6 13.7 ± 1.9 
4 3 30 3 81.6 ± 3.6 -2.5 ± 0.7 13.3 ± 0.8 
5 5 30 5 79.8 ± 3.0 -2.5 ±1.6 13.0 ± 0.5 
6 7 30 3 78.8 ± 0.9 -2.3± 1.4 12.9 ± 1.6 
7 5 0 3 78.0 ± 3.0 -2.3± 2.3 13.6 ± 3.0 
8 5 30 1 74.2 ± 2.8 -2.8 ± 1.4 13.7 ± 1.6 
9 3 60 1 77.6 ± 3.5 -1.9 ± 2.2 12.7 ± 1.0 
10 5 30 3 79.4 ± 4.5 -2.4 ± 1.6 13.3 ± 1.7 
11 7 0 1 75.9 ± 2.5 -2.8 ± 1.4 13.6 ± 0.4 
12 3 0 5 80.2 ± 5.1 -2.8 ± 1.0 12.9 ± 1.2 
13 7 60 5 78.9 ± 0.6 -3.3 ± 2.0 13.4 ± 0.5 
14 3 0 1 78.0 ± 8.8 -2.6 ± 2.4 13.0 ± 0.6 
15 3 60 5 78.2 ± 3.0 -2.3 ± 0.9 13.1 ± 1.0 
16 5 30 3 78.6 ± 2.9 -2.7 ± 1.4 13.6 ± 0.9 
17 7 60 1 78.6 ± 3.0 -2.6 ± 2.6 15.4 ± 1.3 
18 7 0 5 78.6 ± 4.9 -2.4 ± 1.6 13.3 ± 0.4 
 
Notes a Results are presented as mean values ± 95% confidence level of triplicate determinations 
 b * = centre points 
 c Run order = randomised order generated by CCF 
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Figure 8.4 Response surface for the effect of processing variables for b* values 
of instant noodles made from AS flour. 
 
8.2.4 Mixing time, resting time and number of folds: Fat uptake of instant fried 
noodles 
 
The fat uptake data for the effects of processing variables is presented in Table 8.5. The 
regression analysis indicates that the variables (mixing time, resting time and number of 
folds) did not have a significant impact (P>0.10) on fat uptakes. The lowest uptake 
(20.8%) was recorded with a combination of 3 min mixing time, 60 min resting time 
and 1 fold. On the other hand, the highest fat uptake (26.2%) was recorded with 7 min 
mixing time, 0 min resting time and 1 fold. 
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Table 8.5 Fat uptake for instant fried noodles 
 
Run Order 
 
Mixing time 
(min) 
Resting time 
(min) 
No. of folds 
 
Fat uptake 
(%) 
1 5 30 3 22.1 ± 3.3 
2 5 30 3 21.7 ± 3.1 
3 5 60 3 25.1 ± 1.1 
4 3 30 3 22.6 ± 1.7 
5 5 30 5 21.8 ± 2.9 
6 7 30 3 23.2 ± 0.8 
7 5 0 3 24.2 ± 1.9 
8 5 30 1 25.4 ± 2.5 
9 3 60 1 20.8 ± 1.3 
10 5 30 3 23.8 ± 1.3 
11 7 0 1 26.2 ± 1.8 
12 3 0 5 23.3 ± 1.4 
13 7 60 5 22.5 ± 2.2 
14 3 0 1 23.4 ± 0.7 
15 3 60 5 24.1 ± 1.1 
16 5 30 3 22.3 ± 2.5 
17 7 60 1 22.7 ± 1.3 
18 7 0 5 25.3 ± 1.4 
 
Notes a Results are presented as mean values ± 95% confidence level of triplicate 
determinations 
 b * = centre points 
 c Run order = randomised order generated by CCF 
 
8.2.5 Mixing time, resting time and number of folds: ESEM 
 
The microstructure of instant noodle strands (after frying) is shown in Figure 8.5. The 
micrographs illustrate the effects of resting time (Figure 8.5A & 8.5B), mixing time 
(Figure 8.5B & 8.5C), and number of folds (Figure 8.5B & 8.5D) during processing. 
Figure 8.5E shows the combination of 7 min mixing time, 60 min resting time and 5 
folds for comparison purposes. 
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As mentioned earlier (Section 8.2.1), long mixing times produced dough sheets which 
were loosely held together and this appeared to create more voids for the fat uptake 
(Figure 8.5B & 8.5C). Increased resting time (Figure 8.5A & 8.5B) produced a slightly 
compact noodle inner structure. On the other hand, the increased number of folds 
(Figure 8.5B & 8.5D) leads to a more compact structure. After the fifth sheeting and 
folding the noodles were smoother and with more continuous protein matrix, the starch 
granules were more firmly held and the dough was less porous compared with samples 
taken after the first sheeting. Similar findings were reported by Dexter et al. (1979). 
 
8.3 Frying time and temperature 
 
Deep frying is a rapid approach to removal of moisture from the noodles (Hou, 2001). 
Frying plays an essential role in determining the quality of the final product as it is 
thought to contribute to both the colour and fat content (and hence flavour and 
mouthfeel) of the product. The frying step simultaneously cooks and dehydrates the 
product. Frying, however, may have a negative impact on food quality as it affects the 
eating properties of noodles. In addition, the high residual oil content, the presence of 
oil-derived compounds in noodles and their potential health impact raises concerns for 
consumers. The frying process should be optimised to deliver fried noodles with good 
sensory properties, low levels of fat content and low fat decomposition products. 
Accordingly, in the following section, the effects of frying time (45-120 s) and 
temperature (140-160°C) on the quality attributes of instant noodles made from AS 
flour were investigated. 
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A B 
Run 9: Mixing time : 3 min; resting 
time : 60 min; number of folds : 1 
 Run 14: Mixing time : 3 min; resting 
time : 0 min; number of folds : 1 
 
C 
 
D 
Run 11: Mixing time : 7 min; resting 
time : 0 min; number of folds : 1 
 Run 12: Mixing time : 3 min; resting 
time : 0 min; number of folds : 5 
 
E   
Run 13: Mixing time : 7 min; resting 
time : 60 min; number of folds : 5 
 
 
 
 
Figure 8.5 ESEM of the cross section for fried instant noodles prepared under 
varying processing conditions 
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8.3.1 Frying time and temperature: TPA of cooked noodles 
 
A series of samples of instant noodles were prepared and the impact of frying 
temperature and time on the textural attributes was assessed. The TPA parameters 
(namely hardness, cohesiveness, stickiness and adhesiveness) of the instant noodles 
produced under different frying conditions are compiled and presented in Figure 8.6. 
The data indicates that varying combinations of frying conditions (time and 
temperature) have no significant impact on hardness, cohesiveness, stickiness and 
cohesiveness values of boiled instant noodles. There were relatively minor variations 
(<3 units) for all the textural attributes, which is also reflected on the response surface 
graphs. However, frying temperature (sole factor) affects the stickiness (P<0.05) and 
adhesiveness (P<0.05) values of boiled instant noodles. The response surface graphs 
show that high frying temperatures and long frying times produced noodles with low 
stickiness and low adhesiveness values (Figure 8.6C & 8.6D). 
 
Past research has indicated that flour quality and protein content affect noodle texture 
(Park & Baik, 2004), particularly the gluten forming proteins, due to their unique visco-
elastic properties (Crosbie, Ross, Moro, & Chiu, 1999). In this study, only one type of 
wheat flour (AS) was formulated, hence the frying conditions did not produce noodles 
with large textural variations. 
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Figure 8.6 Response surfaces for the effect of various frying conditions on the 
textural attributes of boiled instant noodles  
 
8.3.2 Frying time and temperature: Rehydration rate and cooking loss 
 
In this study, analyses of rehydration rate and cooking loss were included to facilitate an 
understanding of how frying conditions affect the cooking properties of instant noodles 
made from AS flour. The rehydration rate and cooking loss of cooked instant noodles 
are tabulated in Table 8.6. The regression analysis indicates that varying frying 
conditions (time and temperature) had a negligible impact on the rehydration rate and 
cooking loss of cooked instant noodles. However, the frying temperature (sole factor) 
had a significant impact on the rehydration rate (P<0.05) with a variation of 212.0 – 
224.4%.  
 
The response surface graph for these experiments (Figure 8.7) shows that high frying 
temperatures and low frying times produced noodles with high rehydration rates. This 
may be due to the highly porous spongy structure created through relatively violent 
steam release at high frying temperatures (Crosbie & Ross, 2004). The frying process 
increases noodle surface area and thereby accelerates rehydration rate. 
D 
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Table 8.6 Effects of varying frying conditions on the rehydration rate and 
cooking loss of instant noodles made from AS flour 
 
Frying 
temperature 
(°C) 
Frying time 
(s) 
Rehydration 
rate 
(%) 
Cooking loss 
(%) 
140 45 212.5 ± 6.2 10.5 ± 1.7 
140 83 218.8 ± 12.3 10.6 ± 2.7 
140 120 212.0 ± 10.1 10.3 ± 1.7 
150 45 222.6 ± 14.9 10.6 ± 2.6 
*150 83 223.2 ± 3.0 11.2 ± 1.1 
*150 83 219.2 ± 3.0 11.3 ± 1.1 
*150 83 220.6 ± 3.0 10.8 ± 1.1 
*150 83 219.3 ± 3.0 9.8 ± 1.1 
150 120 221.8 ± 7.2 10.1 ± 0.6 
160 45 224.4 ± 11.2 10.2 ± 0.6 
160 83 222.2 ± 0.7 10.2 ± 1.3 
160 120 216.1 ± 8.0 10.3 ± 1.1 
 
Notes a Results are presented as mean values ± 95% confidence level of triplicate determinations 
 b * Centre points for the CCF. 
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Figure 8.7 Response surface for the effect of varying frying conditions on the 
rehydration rate of boiled instant noodle  
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8.3.3 Frying time and temperature: Colour profiles 
 
The response surface graphs for the effects of the varying frying conditions on L*, a* 
and b* values for instant noodles are shown in Figure 8.8. From the regression analysis 
(Table 8.7), the combination of frying conditions had a major impact on L* and a* 
values. However, for b* values, the individual effect of both frying temperature 
(P<0.01) and time (P<0.01) had a more profound impact compared to the combination 
of both variables (P>0.10). As shown in the response surface graphs, b* values 
increased when conditions of high frying temperature or long frying time (or both) were 
applied. 
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Figure 8.8 Response surfaces for the effect of varying frying conditions on the 
L*, a* and b* values of instant noodles 
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Table 8.7 Regression coefficients of second-order polynomial models for colour 
responses analysis (in coded units) 
 
Factor L* a* b* 
Coef P Coef P Coef P 
Constant  
FT 
Ft 
FT × FT 
Ft × Ft 
FT × Ft 
R2 (%) 
78.52 
0.32 
-0.08 
-1.83 
-0.53 
-0.80 
87.21 
0.00 
0.28 
0.77 
0.01 
0.25 
0.06 
- 
-3.14 
-0.02 
0.03 
-0.27 
0.58 
-0.30 
90.71 
0.00 
0.83 
0.64 
0.05 
0.00 
0.01 
- 
17.05 
2.43 
2.10 
-1.06 
-0.13 
0.63 
95.13 
0.00 
0.00 
0.00 
0.10 
0.81 
0.19 
- 
 
 
Notes a FT = Frying temperature; Ft = Frying time; Coef = Coefficient 
 b P* is the probability that Ho (null hypothesis) is true, i.e. coefficient is not significant 
 
Several factors had been previous identified that can affect the stability of the oil during 
frying potato chips, these include frying temperature, time of heating, frequency of 
frying food and exposure to oxygen (Melton, Jafar, Sykes, & Trigiano, 1994). The 
observations in this current research indicate that, by increasing frying temperature and 
time, the colour of the oil became darker, and with increasing content of polymers, 
viscosity increases, and greater foaming of the oil occurred. It is believed that during 
frying, the chemical changes in the frying oil causes changes in the physical 
characteristics of oil. In the current trials, as a result of these factors, the colour of the 
instant noodles appeared to become a duller yellow with increasing frying temperature 
and time. 
 
8.3.4 Frying time and temperature: Fat uptake of instant fried noodles 
 
Fat uptake data obtained under varying frying conditions are presented in Table 8.8. 
Regression analysis indicated that frying temperature had a significant impact on fat 
uptake (P<0.00) whereas frying time (P>0.10) did not. The highest fat uptake of ~24% 
was found to occur at 160°C regardless of frying duration, whereas the lowest fat uptake 
of~ 20% was achieved at 140°C. 
 
The fat uptake in potato slices occur as oil displaces water during frying (Gamble et al., 
1987). According to Hou (2001) and Ziaiifar et al. (2008), during frying in foods, many 
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tiny holes are created as water is rapidly removed and replaced by oil on the product 
surface. Therefore, at higher frying temperatures, it is likely that more water will 
evaporate and be replaced by the frying oil and this is reflected in the high fat uptake 
values. 
 
Table 8.8 Effects of varying frying conditions on fat uptake values of instant 
noodles made from AS flour 
 
Frying temperature 
(°C) 
Frying time 
(s) 
Fat uptake 
(%) 
140 45 20.7 ± 1.5 
140 83 20.1 ± 0.9 
140 120 20.4 ± 2.0 
150 45 22.1 ± 0.5 
*150 83 22.7 ± 1.0 
*150 83 21.5 ± 1.0 
*150 83 22.8 ± 1.0 
*150 83 21.7 ± 1.0 
150 120 22.1 ± 1.4 
160 45 24.3 ± 0.2 
160 83 24.2 ± 2.3 
160 120 24.4 ± 1.0 
 
Notes a Results are presented as mean values ± 95% confidence level of triplicate 
determinations 
 b * Centre points for the CCF 
 
8.3.5 Frying time and temperature: ESEM 
 
The microstructure of instant noodle strands (after frying) is shown in Figure 8.9. The 
micrographs illustrate two different noodles samples prepared using two combinations 
of frying conditions: a) 140º, 45 s (minimum settings), and b) 160º, 120 s (maximum 
settings). The internal noodle structure of sample A (Figure 8.9A) was less expanded, 
having fewer voids or hollow regions compared with sample B (Figure 8.9B). Thus the 
less open noodle structure corresponded with lower fat uptake. The ESEM images 
indicate that noodle internal structure plays an important role in determining the fat 
uptake attributes and the data in Table 8.8 confirms this finding. 
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A 
 
B 
140°C, 45 s  160°C, 120 s  
Figure 8.9 ESEM of the cross section for fried instant noodles at  
140°C, 45 s and 160°C, 120 s frying conditions 
 
8.4 General discussion and summary of results for varying processing 
conditions in making instant noodles 
 
The results in Section 8.2 indicates that the combination of mixing and resting time had 
a major impact on hardness and cohesiveness values for boiled instant noodles but not 
for adhesiveness and stickiness values. Increasing mixing time produced a bright yellow 
coloured product with higher b* values. However, the various combinations of 
treatments did not contribute to a significant impact on fat uptake. Of the range of 
combinations trialled that of 3 min mixing time, 60 min resting time and 1 folding 
produced instant noodles with the lowest fat content. Resting time and number of folds 
are the key factors affecting the cooking loss of boiled instant noodles.  
 
On the other hand, frying temperature, rather than frying time was found to have a more 
significant role in enhancing the quality and physical attributes of instant noodles made 
from low protein wheat flour. Therefore, frying temperature can be manipulated to 
improve the stickiness and adhesiveness values of boiled instant noodles, thereby 
enhancing the appearance and lowering the fat uptake. In addition, high frying 
temperature can be used to shorten the rehydration rate for cooked noodles.  
 
The overall findings of this phase of the study indicate that processing procedures have 
a substantial impact on both the textural and physical properties of instant noodles made 
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from low protein wheat flour. In addition, there is considerable scope for processors to 
manipulate the processing parameters in order to achieve specific quality characteristics. 
This in turn provides opportunities to fulfill the preferences of consumers and this may 
vary between countries and even on a regional basis with particular countries. 
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Chapter 9 
 
Results and discussion:   The quality and antioxidant 
properties of instant noodles enhanced with common 
buckwheat flour 
 
 
 
This chapter provides a brief overview of buckwheat and its nutritional functionality 
and then describes the results obtained when the feasibility of incorporating common 
buckwheat (Fagopyrum esculentum Moench) into instant noodle formulations was 
investigated. AS and Baker’s flours were used to evaluate the effects of varying rates of 
buckwheat incorporation (0-40%) on instant noodle quality. The sensory and 
antioxidant attributes of the resultant noodles are presented. 
 
9.1 Introduction  
 
Buckwheat originated from China and is referred to as a pseudocereal crop, belonging 
to the genus Fagopyrum of the family of Polygonaceae (Cai et al., 2004). Buckwheat is 
widely cultivated in many countries, including Russia, China, USA, Canada, France, 
Germany, Italy and Poland, reflecting its value as a food ingredient. Buckwheat is 
relatively adaptable to varying growing environments and can grow well on infertile 
cultivable land. It is suitable for ecological conditions where pesticides and particularly 
fertilisers are not often required (Krkošková & Mrázová, 2005). 
 
There are two species of buckwheat: common buckwheat (Fagopyrum esculentum) and 
tartary buckwheat (Fagopyrum tataricum) are generally cultivated around the world and 
these are illustrated in Figure 9.1. Buckwheat proteins are known for their well-
balanced amino acid content (Ikeda & Asami, 2000) and are particularly rich in the 
essential types (for example lysine and arginine). In addition, it has been reported that 
buckwheat proteins are high in globulin and albumin, and low in glutelin and prolamin 
content (Pomeranz & Robbins, 1972). 
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common buckwheat tartary buckwheat 
Fig. 9.1 Images of common buckwheat and tartary buckwheat 
Note Sourced from Google images 
 
Based on chemical and immunological studies, it has been established that buckwheat is 
a valuable source of dietary protein for gluten sensitive individuals. It can also be used 
for patients with gluten sensitivity (coeliac disease) as buckwheat contains no prolamins 
that are toxic to coeliac disease patients. This has been clearly demonstrated by the 
work of Aubrecht and Biacs (2001) who used immunological assays. 
 
Several flavonoids have been identified in buckwheat, namely rutin, quercetin, 
quercitin, kaempferol, orientin/isoorientin and vitexin/isovitexin. The chemical 
structures of rutin and quercetin are shown in Figure 9.2. These flavonoids were found 
to be effective in reducing blood cholesterol levels, keeping capillaries and arteries 
strong and flexible, improving blood microcirculation and protecting against rupture of 
blood vessels and the formation of clots (Cai et al., 2004; Griffith et al., 1994). Of these 
flavonoids, rutin (also sometimes referred to as vitamin P) is the major and most 
important flavonoid component in buckwheat and it is not generally found in other 
types of cereals (Holasova et al., 2002; Oomah & Mazza, 1996). Different cultivars of 
buckwheat may have varying contents of rutin (Ohsawa & Tsutsumi, 1995) and 
research has shown that tartary buckwheat contains more rutin compared to common 
buckwheat (Suzuki, Yutaka, Funatsuki, & Nakatsuka, 2002). 
 
In this study, common buckwheat (rather than tartary buckwheat) has been chosen for 
investigation due to its ready availability and the fact that it is more widely used in food 
as it does not have the unpleasant bitter taste typically associated with tartary 
buckwheat. Research data have shown that food enriched with buckwheat can provide 
health benefits and inhibit oxidation of food during processing. This is due to the natural 
antioxidant properties of rutin which inhibit lipid peroxidation within the food (Lin et 
al., 2009). 
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Rutin Quercetin 
Fig. 9.2 The chemical structures of rutin and quercetin 
 
With these therapeutic and functional benefits, a large variety of buckwheat foods have 
been produced traditionally. The most popular food is buckwheat noodles and these are 
known as soba, which is very popular in Japan, China and Korea. These are made from 
buckwheat flour-water dough (Kreft, Fabjan, & Yasumoto, 2006) and buckwheat can 
also be blended with other grains to produce multigrain pasta, bread, pancakes and 
cereal flakes. Research has been carried out to determine the suitability of buckwheat in 
such products. Past studies found that spaghetti containing dark buckwheat and 
amaranth had significantly lower firmness values compared with spaghetti made from 
durum flour only (Rayas-Duarte, Mock, & Satterlee, 1996). In a later study, Chillo, 
Laverse, Falcone, Protopapa and Del Nobile (2008) demonstrated that spaghetti colour 
changed with the addition of buckwheat flour, while the spaghetti cooking properties 
(e.g. cooking loss and cooking resistance) were similar to those of control samples. In 
another study Lin et al. (2009) found that white bread enhanced with buckwheat was 
rated higher in flavour and mouth feel. The enhanced product was also shown to contain 
more rutin and quercetin which increased antioxidant activity. 
 
Research on food production methods indicates that rutin retention is affected by the 
activity of the rutin degrading enzyme flavonol 3-glucosidase, as well as certain 
processing parameters (Kreft et al., 2006). The rutin enzyme has been found to occur in 
common buckwheat grain, particularly in the testa (Suzuki et al., 2002). The work 
reported by Kreft et al. (2006) indicated that hydrothermal treatment of buckwheat grain 
during the production of groats reduced rutin content. Their research indicated that rutin 
may have degraded or combined with some other molecules, rendering it insoluble in 
the solvent used for analysis. 
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The experiments described in this chapter investigate the suitability of incorporating 
buckwheat flour into instant noodles and will build on the existing knowledge of the use 
of buckwheat. Two variables, quality attributes and the presence of key antioxidant 
components (rutin and quercetin), have been investigated to determine the impact of 
buckwheat as an ingredient of instant noodles. 
 
9.2 Incorporation of common buckwheat into an instant noodle formulation 
 
Samples of instant noodle dough were formulated by mixing between 60-100% wheat 
flour (AS or Baker’s) with 40-0% common buckwheat flour. The samples were then 
combined with 35% distilled water, 1% salt (NaCl) and 0.2% alkaline salt (potassium 
and sodium carbonates mixed 6:4). For this, wheat flour was first mixed with common 
buckwheat flour in a mixer for 1 min at speed 1 to achieve a uniform blend. The 
remaining processing conditions were the same as stated in Section 5.3. 
 
The results of investigation of TPA, rehydration rate, optimum cooking time, cooking 
loss, colour profile, fat uptake, internal microstructure and flavonoids of the instant 
noodles were analyzed and are presented below. 
 
9.2.1 TPA of cooked noodles 
 
The TPA parameters (hardness, cohesiveness, stickiness and adhesiveness) of 
buckwheat enhanced instant noodles are illustrated in Table 9.1 and Figure 9.3. 
Statistical analysis (ANOVA) indicates that incorporating of buckwheat significantly 
affects hardness (P<0.01) and adhesiveness (P<0.05). The flour variety (or protein 
content) of AS and Baker’s was found to impact stickiness (P<0.10) and adhesiveness 
(P<0.01) values, whereas neither buckwheat nor protein content affects cohesiveness 
values.  
 
Noodles made from AS and Baker’s exhibited two different trends of hardness. In the 
AS sample, hardness decreased steadily with increased buckwheat. For the Baker’s 
sample, the hardness fluctuated marginally between 15.5N and 16.8N with the addition 
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of 10-40% buckwheat. There were minimal differences in cohesiveness, stickiness and 
adhesiveness values for both AS and Baker’s samples.  
 
Table 9.1 TPA values for instant noodles made from AS and Baker’s flours with 
varying buckwheat flour incorporation  
 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
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Fig. 9.3 Hardness values for boiled instant noodles made from AS and Baker’s 
flours with varying buckwheat flour incorporation  
Past studies have indicated that addition of buckwheat flour has a negative correlation 
with noodle firmness and chewiness (Ikeda, Kishida, Kreft, & Yasumoto, 1997; Rayas-
 Flour 
(%) 
Buckwheat 
(%) 
TPA 
Hardness 
(N) 
Cohesiveness 
(Ratio) 
Stickiness 
(N) 
Adhesiveness 
(N.s) 
AS 100 0 18.4 ± 2.7 0. 60 ± 0.13 -1.77 ± 0.48 -0.21 ± 0.02 
90 10 17.2 ± 1.1 0.58  ± 0.09 -1.55 ± 0.57 -0.17 ± 0.09 
80 20 15.9 ± 1.1 0.56 ± 0.09 -1.46 ± 0.22 -0.12 ± 0.12 
70 30 15.0 ± 2.5 0.54 ± 0.15 -1.35 ± 0.50 -0.08 ± 0.10 
60 40 12.6 ± 3.0 0.55 ± 0.12 -1.40 ± 0.48 -0.11 ± 0.10 
Baker’s  100 0 16.1 ± 1.7 0.58 ± 0.04 -1.18 ± 0.62 -0.08 ± 0.22 
90 10 16.4 ± 0.8 0.60 ± 0.08 -1.05 ± 0.52 -0.09 ± 0.08 
80 20 15.5 ± 2.7 0.59 ± 0.08 -1.30 ± 1.15 -0.02 ± 0.03 
70 30 16.8 ± 2.6 0.58 ± 0.11 -1.44 ± 1.01 -0.07 ± 0.01 
60 40 16.1 ± 2.8 0.57 ± 0.03 -1.48 ± 1.22 -0.09 ± 0.20 
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Duarte et al., 1996). In the current study, similar findings were observed for AS noodles 
but not in noodles made from Baker’s flour. In other studies, the texture of wheat 
noodles has been found to be directly related to flour protein content and in particular 
gluten proteins because of their unique visco-elastic properties (Crosbie et al., 1999). 
Buckwheat proteins primarily contain globulins which are not suitable as contributors to 
the wheat gluten network (Cai et al., 2004). Hence, it was expected that noodles made 
with Baker’s (11.90% protein) would give a more desirable hardness profile compared 
with AS (8.80% protein). 
 
Hatcher, You, Dexter, Campbell and Izydorczyk (2008) identified that the presence of 
fibre particles may affect the ‘bite’ of noodles. Therefore, in the observations of the 
current study it is likely that the presence of fibre particles (from the buckwheat flour) 
disrupted the continuity of the protein-starch network thereby resulting in AS noodles 
with lower firmness. However, the overall effect of fibre particles in noodles depends 
on the relative amounts of starch, protein and fibre in the structure. As Baker’s flour has 
a higher protein content, it was expected that the sample will form a stronger protein-
starch network compared to AS flour. 
 
9.2.2 Rehydration rate, optimum cooking time and cooking loss 
 
The rehydration rate, optimum cooking time and cooking loss of buckwheat enhanced 
noodles are tabulated in Table 9.2. The rehydration rate and optimum cooking time of 
cooked instant noodles were significantly affected (P<0.01) by the blending ratio of 
buckwheat and protein content of the wheat flour. The rehydration rate for both AS and 
Baker’s decreased (~12%) with increased buckwheat (40%). 
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Table 9.2 Cooking parameters for instant noodles made from AS and Baker’s 
flours with varying buckwheat flour incorporation 
 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
 
In comparison with noodles made with wheat flour only, the incorporation of increasing 
levels of buckwheat flour gave increasing difficulties in the determination of the 
optimum cooking time (the disappearance of white core) of the noodle samples. As 
more buckwheat was added, the noodle colour changed to a darker shade (Figure 9.4). 
At least triplicate measurements for each sample were taken to ensure that the noodles 
were cooked at their optimum time. Also, the optimum cooking time for both flour 
types decreased with increasing buckwheat with values for Baker’s dropping from 3.37 
min to 1.42 min and for AS from 2.20 min to 1.20 min. 
 
These findings are consistent with past research work: Manthey, Yalla, Dick and 
Badaruddin (2004) found that the addition of 30% buckwheat bran flour had lowered 
the optimum cooking time of spaghetti. They predicted that this may be due to the 
physical disruption of the gluten matrix and low overall density of the product. This 
then provided a path for water absorption into spaghetti containing buckwheat bran 
flour, which resulted in the shorter cooking times. In other similar research, Chillo et al. 
(2008) also found that the optimum cooking time of spaghetti containing 30% 
buckwheat and 20% bran was 3.2 min shorter than the control samples. 
 Flour 
(%) 
Buckwheat 
(%) 
Optimum 
 cooking time 
(min) 
Cooking loss 
(%) 
Rehydration 
rate 
(%) 
AS 
 
100 0 2.20 ± 0.25 11.5 ± 0.4 216.9 ± 7.8 
90 10 1.50 ± 0.00 12.0 ± 4.0 206.1 ± 4.9 
80 20 1.27 ± 0.14 13.4 ± 2.4 195.6 ± 8.1 
70 30 1.23 ± 0.14 15.3 ± 1.7 193.0 ± 21.7 
60 40 1.20 ± 0.00 16.9 ± 2.8 189.9 ± 13.5 
Baker’s  100 0 3.37 ± 0.07 12.0 ± 3.9 222.9 ± 19.4 
90 10 2.45 ± 0.12 11.9 ± 0.7 215.3 ± 8.5 
80 20 2.10 ± 0.00 13.3 ± 4.2 204.9 ± 6.7 
70 30 1.83 ± 0.72 13.1 ± 2.7 204.2 ± 11.5 
60 40 1.42 ± 0.07 15.0 ± 3.2 195.3 ± 8.9 
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Cooking loss was significantly affected by the incorporation of buckwheat (P<0.01) and 
flour protein (P<0.10), as indicated in Table 9.2. Cooking loss for AS was slightly 
higher (1-2%) compared with Baker’s, following the addition of 30% and 40% 
buckwheat. The cooking loss increased with additional buckwheat and there was a large 
increase for AS (47.0%) compared with Baker’s (25.0%). These observations 
correspond with the rehydration results for which a decreasing trend was shown. Rayas-
Duarte et al. (1996) also reported a significant increase of cooking loss for samples 
containing 15-30% buckwheat.  
 
Both AS and Baker flours have the ability to establish gluten matrices that contribute to 
the formation of the network that provides the structure of the noodle. However, the 
addition of buckwheat (non-gluten flour) weakened the gluten strength and interrupted 
the overall noodle structure. This explains the leaching of solids (cooking loss) found in 
this current study from the noodles into the cooking water. 
 
9.2.3 Colour profile 
 
As indicated earlier, instant noodle colour is an important quality factor influencing 
consumer preference. The amount of buckwheat in the samples significantly (P<0.01) 
affected L*, a* and b* values (Table 9.3 & Figure 9.4). Visual examination indicates 
that both AS and Baker’s noodle samples became darker (brownish) with higher 
amounts of buckwheat incorporation. The L* readings for AS dropped from 70.4 to 57.5 
(18.3% reduction) and Baker’s dropped from 72.1 to 54.6 (24.3% reduction). However 
in comparison, the a* and b* values were only marginally affected as the values 
fluctuated within 3 units. 
 
Similar observations have been reported by Rayas-Duarte et al. (1996) and Chillo et al. 
(2008), where the L* values for spaghetti containing buckwheat flour decreased 
significantly compared with control samples. 
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Table 9.3 Colour and fat uptake values for instant noodles made from AS and 
Baker’s flours with varying buckwheat flour incorporation 
 
 Flour 
(%) 
Buckwheat 
(%) 
Colour 
L* a* b* 
AS 100 0 70.4 ± 2.2 -3.0 ± 0.9 13.7 ± 1.7 
90 10 66.3 ± 3.5 -1.8 ± 1.0 14.5 ± 0.6 
80 20 63.1 ± 4.2 -0.4 ± 0.8 13.9 ± 1.5 
70 30 59.9 ± 5.8 -0.3 ± 1.1 14.2 ± 0.5 
60 40 57.5 ± 6.6 1.0 ± 1.0 13.8 ± 0.1 
Baker’s 100 0 72.1 ± 3.4 -1.4 ± 0.4 12.4 ± 0.7 
90 10 65.6 ± 2.7 -1.0 ± 2.1 13.9 ± 2.7 
80 20 63.5 ± 7.1 -0.1 ± 1.4 13.3 ± 1.3 
70 30 62.0 ± 4.6 -0.3 ± 2.1 14.5 ± 1.4 
60 40 54.6 ± 4.4 -0.2 ± 1.1 13.1 ± 1.0 
Note Results are the mean of triplicate analyses and are expressed as mean ± 95% confidence level 
 
  
 
Fig. 9.4 The appearance of cooked instant noodles made from AS and Baker’s 
flours with varying buckwheat flour incorporation 
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9.2.4 Fat uptake of instant fried noodles 
 
Buckwheat significantly (P<0.10) affects fat uptake (Figure 9.5). For the Baker’s 
samples, the fat uptake shows an increasing trend from 18.7% to 23.3%, whereas for the 
AS samples, the fat uptake values varies marginally, in the range of 22.4% - 24.9%. 
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Fig. 9.5 Fat uptake values for instant noodles made from AS and 
Baker’s flours at varying buckwheat flour incorporation 
 
It has been reported that protein content has an inverse correlation with free lipid levels 
of instant noodles (Moss et al., 1987; Park & Baik, 2004). Hence, noodles made from 
AS (with lower protein content) will be expected to absorb more fat than Baker’s 
noodles. 
 
In this study, flour protein appeared to influence the fat uptake of the control samples as 
well as those made with 10-20% incorporation of buckwheat flour. However, when 
buckwheat level increased (> 20%), fat uptake rates were similar regardless of the type 
of flours used. This may be due to the dough network as the content and quality of the 
flour protein are believed to play a role in oil absorption. 
 
The microstructure of instant noodle strands (after frying) is shown in Figure 9.6. These 
micrographs indicate that when more buckwheat was added, the fat uptake increased. 
This is possibly due to the coarse globules on the noodles surface shown in Figure 9.6A 
and 9.6C. It appears that these surface structural features disrupt the gluten matrix and 
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cause voids or holes for the oil to “fill up”. The reverse is seen with the continuous 
appearance (that is a lack of voids seen within the structure) observed for AS and 
Baker’s when a high level of buckwheat (40%) was added (Figure 9.6B & 9.6D). This 
is caused by the spaces being occupied by oil for those samples with more buckwheat 
incorporated. 
 
 
A 
 
B 
 
C 
 
D 
 
Fig. 9.6 ESEM of the cross section for fried instant noodles enhanced with 
buckwheat, (A) Baker’s control, (B) Baker’s with 40% buckwheat, (C) 
AS control and (D) AS with 40% buckwheat  
 
9.2.5 Rutin and quercetin analysis 
 
In the scientific literature a variety of chromatographic approaches has been applied to 
the analysis of the antioxidant compounds found in buckwheat. Typically these have 
most recently involved the use of HPLC. In addition, a number of extraction strategies 
have been reported and so the first trials in the current study have involved evaluation 
and comparison of four extraction procedures. These were described by a) Kreft et al. 
(2006), b) Lin et al. (2009), c) Morishita et al. (2007), and d) Steadman, Burgoon, 
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Lewis, Edwardson and Obendorf (2001). The results of these preliminary analyses (data 
not shown) indicated that when the approach of spiking sample extracts was used, the 
extraction rate was the highest for the method of Morishita et al. (2007). This procedure 
involves extracting samples of 0.6 g by addition of 6 mL of 80% ethanol solution 
followed by warming to 80°C for 30 min. The results for each of the other extraction 
approaches were less than half of that obtained using the procedure of Morishita et al. 
(2007). As the latter method provided the highest recoveries of rutin in the spiking study 
(109.6%), this method was adopted for use in this section. 
 
The HPLC system and conditions applied in this study were based upon the procedure 
of Morishita et al. (2007) with two modifications. Firstly, the eluent solution used in this 
study was acetonitrile (solvent A) and Milli Q water adjusted with trifluoroacetic acid to 
pH 2.5 (solvent B) rather than acetic acid: methanol: acetonitirile (400:0:10 ; 
400:400:10) originally reported by Morishita et al. (2007). Secondly, the period of the 
gradient program applied was 10 min instead of 60 min. The change of the solvent used 
was to protect and maximise the column longevity for the HPLC system and this 
resulted in much shorter periods of time for each analysis run on the instrument. 
 
Once these conditions were established, trials were carried out to validate the procedure 
and confirm that it was a robust approach to the analysis of the antioxidant compounds. 
Therefore initially standards of rutin and quercetin as well as noodle sample extracts 
were run a number of times. The resultant chromatograms demonstrate that good 
resolution was obtained for the rutin and quercetin standards (Figure 9.7A). The 
separation for sample extracts was achieved within ten minutes (Figure 9.7B) and 
excellent repeatability was achieved when samples of buckwheat noodles were 
analysed. However, it is noted that in this study, quercetin was not detected as there was 
insignificant amount present in either the buckwheat flour or the noodle samples.  
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Fig. 9.7 Chromatogram of rutin and quercetin standards at 250 ppm (A) and 
chromatogram of instant noodles made from Baker’s flour with 40% 
buckwheat incorporation (B) 
 
A five point calibration curve of rutin standard was investigated prior to carrying out the 
full scale HPLC experiments of noodle samples. The calibration curve of rutin (Figure 
9.8) corrected for standard addition was used to calculate the recovery of rutin. 
 
Rutin 
5.629 
 
Quercetin 
8.753 
 
A 
B 
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Fig. 9.8 An example of the calibration curve for rutin standard 
 
The rutin contents of the various instant noodle samples (after frying) are illustrated in 
Figure 9.9. Both wheat flours exhibited similar levels of rutin retention in noodles. The 
actual rutin extracted from noodles was lower than expected, even though much higher 
rutin content was detected in 40% buckwheat enhanced noodles. 
 
To determine the loss of rutin during the various stages of production (cutting, 
steaming, frying and cooking), a further series of experiments was carried out. The 
results, which are presented in Figure 9.10, show that minimal rutin losses occurred 
during the cutting, steaming and frying process. However, during the cooking process, 
there was a substantial drop in rutin levels. Whilst some rutin loss may occur due to 
degradation catalysed by rutin degrading enzymes, this is unlikely to explain the current 
observations as the temperature conditions during processing would probably cause 
inactivation of any enzyme present. It is also possible that leaching has occurred as rutin 
is soluble to some extent in boiling water.  
 
In this study, the results of the HPLC analysis demonstrate that the retention rate of 
rutin is approximately 35-40% which is considered acceptable although some losses 
occurred. Although there are few reports with which to compare the results from the 
current study, in a study of a variety of foods, Kreft et al. (2006) found that the actual 
quantity of rutin extracted from the dry traditional form of soba noodles (67.6 ± 8.9 
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mg/kg) and corresponding fresh product (78.4 ± 11.5 mg/kg) was approximately 50% 
lower than the expected values (153.0 mg/kg). The results of the current study confirm 
that losses occur during processing and preparation of the noodles incorporating 
buckwheat flour. Based on the results obtained in this study, enriched noodles have the 
potential to become a functional food due to the level of rutin present.  
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Fig. 9.9 Rutin content of instant noodles enhanced with buckwheat (after 
frying) 
  
Notes a Results are presented as mean ± 95% confidence level and are expressed as mg/100g 
on a dry weight basis 
 
b Estimated values are those predicted on the basis of the measured levels in the 
buckwheat flour  
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Fig. 9.10 Rutin extraction from instant noodles enhanced with buckwheat  
Note Results are presented as mean ± 95% confidence level and are expressed as mg/100g 
on a dry weight basis 
 
9.3 General discussion and summary of results for instant noodles enhanced 
with common buckwheat flour 
 
Incorporating buckwheat into the formulation with Baker’s flour has minimal effect on 
the textural attributes of instant noodles whereas softer texture was observed for noodles 
produced from AS flour. Buckwheat affects both flours by increasing cooking loss, and 
decreasing rehydration rate as well as optimum cooking time. In addition, noodles made 
by incorporating buckwheat, produced lower L* values corresponding to a brownish 
colour of the product. The effect on fat uptake varied between AS and Baker’s flours. 
On the other hand, rutin was detected in the buckwheat enriched noodles for both flours 
with relatively high retention rate and this shows that these products have the potential 
to become a functional food. However, further consideration is warranted on the factors 
during processing which appear to lower the rutin content. 
 
Buckwheat can be incorporated into Baker’s flour to produce instant noodles with 
acceptable eating qualities. Further research on the effects of selected additives 
particularly texture modifying agents maybe prove useful in order to further enhance the 
textural attributes of AS noodles made with the addition of buckwheat flour. 
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Chapter 10 
 
Overall conclusions and recommendations for future research 
 
 
 
The purpose of this final chapter is to summarise the results obtained during the current 
study, draw final conclusions and make recommendations for future research in relation 
to enhancing the characteristics of Asian instant noodles. 
 
10.1 Introduction 
 
The global and Australian wheat industries are currently facing significant issues with 
declining production as well as quality. Researchers have also identified a trend towards 
high annual variation in both grain yield and quality characteristics. Environmental and 
economic factors are the two main causes for these problems. As a result, the amount of 
low protein wheat flour produced has been increasing and there is the likelihood that 
this trend will continue. The wheat has relatively low marketability due to the limited 
range of end-uses for the flour and so there is an urgent need to research and develop 
new uses and applications for low protein flour. Accordingly, in this research, the flour 
chosen for study has been of the AS class as this is not only low in protein, but also is 
unsuited to the development of a strong dough matrix. 
 
Over recent decades there has been a variety of reports that have focused upon the 
factors that influence the quality of Asian noodles and these studies have established the 
flour characteristics that influence noodle quality. The published research and current 
knowledge have emphasised the traditional types of noodles (WSN and YAN). 
However, there have been very limited studies on Asian instant noodles compared to the 
other types. The primary objective of the current study therefore has been to investigate 
the use of AS flour in Asian instant noodles. There is a need for such research in view 
of the changing wheat production patterns and in order to provide ways to utilise low 
protein wheat flour more effectively. This has been achieved by evaluating noodle 
characteristics with an emphasis upon texture, colour and fat uptake by varying the 
ingredient formulation and processing procedures. 
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10.2 Summary of results 
 
The findings of this study are briefly summarised as follows: 
 
1. From a series of preliminary trials and analyses, the quality characteristics of 
commercial instant noodles were compared with products prepared under carefully 
controlled conditions in the laboratory. Using a typical formulation and process, 
noodles were made from AS and Baker’s flours. A considerable range of 
characteristics was found for the commercial samples for each of the parameters 
considered here, including the hardness values of the cooked noodles. In 
comparison, both types of noodles made in the laboratory were of acceptable 
hardness with values at the higher end of the range found for the commercial 
samples. They had higher stickiness values, less appealing appearance and higher 
fat uptakes compared to the commercial noodles. 
 
2. In terms of texture and appearance, instant noodles made from AS and Baker’s 
flours did not show large differences in characteristics. However, samples made 
from lower protein flour gave a higher fat uptake. 
 
3. A series of ingredients that have the potential to enhance the sensory attributes of 
instant noodles were selected. These were MTGase, SSL, water, APS and CMC. 
Their impact was studied using the CCF approach which can provide a second 
order (quadratic) model for the responses without the need to establish a three-
level full factorial design. The results show that:  
 
a. Combinations of MTGase and SSL impacted upon the textural attributes of the 
noodles and there was a significant enhancement in structure as a result of the 
cross-linking of the gluten by the enzyme. 
 
b. When SSL and water were varied, the highest hardness values occurred for 
low water incorporation in combination with higher SSL addition. As more 
water was added, the effect of SSL was diminished. 
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c. Combinations of APS and CMC enhanced the textural attributes, particularly 
hardness and adhesiveness of the noodles, but had no significant effect upon 
cohesiveness or stickiness. 
 
d. Overall, the combinations of selected additional ingredients resulted in only 
minor differences in colour parameters. In contrast, the fat uptake was 
decreased by the incorporation of MTGase and increasing levels of water. In 
addition the inclusion of 10% APS also resulted in a reduction in fat uptake. 
 
4. A further series of trials was designed to examine the impact of processing 
conditions and those investigated were mixing time, resting time, number of folds 
as well as time and temperature of frying. The results show that: 
 
a. Mixing time, resting time and number of folds affected textural attributes as 
well as colour profile, but not fat uptake. The key factors that influenced 
cooking loss were resting time and number of folds applied during processing. 
 
b. Frying temperature rather than frying time impacted on the textural attributes, 
while enhancing the appearance and lowering fat uptake. In addition, high 
frying temperatures were found to shorten the rehydration rate during cooking 
of noodles. 
 
5. The suitability of incorporating common buckwheat flour into instant noodle 
formulations was evaluated. For this, AS and Baker’s flours were used and 
substitution of up to 40% of the wheat flour with buckwheat was investigated. The 
resultant effects on quality of the instant noodles were that: 
 
a. The incorporation of buckwheat flour into instant noodle formulations was 
feasible for both of the flours used. However, the higher of addition rates 
resulted in less desirable textural attributes. 
 
b. Instant noodles made from AS composite flour with buckwheat produced 
softer texture whereas there was minimal effect for Baker’s flour when 
buckwheat was incorporated. For both AS and Baker’s samples, the addition 
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of buckwheat flour increased the cooking loss and produced lower L* values 
while also decreasing both the rehydration rate and optimum cooking time. 
 
c. Rutin was readily detected in the buckwheat enriched noodle samples made 
from both flours. As expected, the increased buckwheat incorporation gave 
higher rutin contents. However, there was a large drop in rutin levels during 
cooking compared to the other processing stages involving steaming and 
frying. 
 
10.3 Major conclusions 
 
The final conclusions of this study are summarised below: 
 
1. Commercial instant noodles vary in their characteristics and instant noodles 
prepared in the laboratory typically had characteristics within the range of those 
shown by the commercial samples. Fat uptake by the laboratory samples was 
somewhat higher. However, the laboratory system utilised in this study was useful 
in differentiating the quality characteristics of the noodles and the impact of the 
variables under consideration. 
 
2. The use of AS flour did allow for the production of instant noodles although these 
lacked some of the desirable attributes found when Bakers flour was used in the 
formulation. 
 
3. The sensory characteristics of instant noodles made with AS flour could be 
enhanced by the incorporation of selected ingredients and the control of water 
addition was an important determinant of noodle quality for this flour. 
 
4. It is feasible to utilise AS flour in instant noodle production, particularly if careful 
selection of additional raw ingredients is made and MTGase, SSL, APS and CMC 
can all be exploited to provide enhanced product characteristics. 
 
5. Processing conditions can also be varied in order to give particular quality 
attributes in instant noodles. Mixing time, resting time, number of folds as well as 
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time and temperature of frying should all be considered in the design of a process 
for making noodles from a low protein flour. 
 
6. Many options exist for a noodle manufacturer who can select the combination of 
ingredients as well as process parameters in order to obtain the characteristics 
demanded by particular customer groups. This reflects variations in preferences 
within and between countries and regions and shown by the relatively wide range 
of characteristics observed in the commercial samples of noodles evaluated in the 
current project. 
 
7. The incorporation of buckwheat flour is also a practical option in the manufacture 
of instant noodles. At moderate levels of substitution, both the higher and lower 
protein types of flour can be enriched with common buckwheat flour. Among the 
benefits are enhanced levels of the antioxidant rutin in these increasingly popular 
products. 
 
8. This research project supports and demonstrates the utilisation of low protein 
wheat flour for instant noodle manufacturing. Thereby a basis is provided to wheat 
buyers to select from an extended range of wheat types of varying qualities to 
produce instant noodles having textural and colour characteristics that appeal to 
consumers. 
 
9. This research project provides a strong scientific basis and knowledge on instant 
noodle processing which can be readily applied. The potential economic benefits 
are substantial, reflecting the current significance of the wheat being exported 
from Australia and also more generally being traded globally for use in the 
manufacture of instant noodles. 
 
10.4 Possible areas for future research 
 
This study has concentrated on instant noodles particularly the effects of selected raw 
ingredients and processing conditions on its eating quality. As in any research work, 
new findings may lead to more questions being raised. Consequently this section 
presents a number of issues which warrant further study to deepen the understanding of 
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instant noodles and the use of low protein wheat flour. These are briefly described 
below: 
 
1. Given that this study shows the feasible of utilising AS flour in making instant 
noodles, then the immediate interest would be to perform trials to establish the 
optimum noodle formulation and processing conditions. Additional sensory 
evaluation may help to determine the organoleptic attributes of the noodles 
produced and market acceptability of these products. 
 
2. In this research, texture, appearance and fat uptake were the major criteria used 
when evaluating the quality of instant noodles. These qualities are influenced by a 
variety of aspects such as the swelling properties of starch, the variety of wheat 
used, milling extraction rate and particle size distribution of flour. Hence, a 
possible extension to this research could be to study these aspects, especially 
considering both of the instant noodle types (steamed-dried and steamed-fried) as 
these products are likely have differing characteristics. This extension to the work 
may advance our knowledge on ways of improving the quality and responding to 
the increasing demand for these products globally. 
 
3. It would also be useful to extend the current research to include a variety of other 
cereal grain foods. Certainly WSN as a product typically made from relatively low 
protein wheat flour might also allow partial substitution to utilise AS flour. Other 
possibilities include steamed wheat products e.g. steamed breads which represent 
a staple food in various parts of Asia. As with noodles, these products are popular 
and also vary widely in formulation, process and have substantial regional 
variations in consumer preferences. Again, the texture and colour are of 
significance to the product. 
 
4. Instant noodles have often been considered as “junk food” as they are high in 
carbohydrates and low in fibre, vitamins and minerals. In the context of the 
challenges facing the world in feeding an increasing population and the trends 
towards convenience in many developing countries, strategies to enhance the 
nutritional values of food are increasingly important. There has been previous 
research on a variety of food components and their potential to enhance the 
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nutritional and sensory properties of various foods. These ingredients include 
vitamins of the B group, ascorbic acid, iron, carotenoids, soluble dietary fibre, 
pumpkin powder, yam and boxthorn. To date, there has been limited investigation 
on the application of these ingredients in instant noodle products. It is likely to be 
beneficial if future research considers these aspects of instant noodle formulations 
using low protein wheat. 
 
As an overall conclusion, this study has sought to present, in a systematic manner, the 
primary formulation variables relating to instant noodle using low protein flour. This 
provides the basic platform of knowledge for further investigations aimed at enhancing 
the quality and appeal of Asian instant noodles. The data herein also demonstrate a 
series of alternative formulations and processing methods. It is hoped that further 
progress will be made arising from the work embodied in this thesis. May this 
contribute to the ongoing supply of nutritious and safe food as the global population 
continues to expand. Furthermore it is my wish that this work also helps in enhancing 
the nutrition, well being as well as enjoyment of consumers worldwide. Finally may the 
farmers benefit as they confront the variability and uncertainties of the climate and 
environment of our world. 
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Appendix 1   Moisture content of noodles at various frying conditions 
 
Run 
order 
Frying temperature 
(°C) 
Frying time 
(s) 
Moisture content 
(%) 
1 
7 
3 
140 
140 
140 
45 
83 
120 
5.83 ± 0.08 
4.91 ± 0.24 
3.81 ± 0.03 
9 
11* 
12* 
6* 
5* 
10 
150 
150 
150 
150 
150 
150 
45 
83 
83 
83 
83 
120 
3.54 ± 0.23 
3.05 ± 0.14 
2.94 ± 0.14 
2.99 ± 0.14 
2.99 ± 0.14 
2.38 ± 0.02 
2 
8 
4 
160 
160 
160 
45 
83 
120 
2.96 ± 0.14 
2.43 ± 0.25 
2.22 ± 0.08 
Notes a Results are presented as mean values ± 95% confidence level  
 b * = centre points 
 c Run order = randomised order generated by CCF 
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Appendix 2   A summary of published procedures and applications of HPLC techniques to the analysis of rutin and quercetin 
 
Flavanoids Method 
details Rutin  Rutin & quercetin  Rutin & quercetin  Rutin & quercetin  
Reference Kreft et al., 2006 Lin et al., 2008 Morishita et al., 2007 Steadman et al., 2001 
Sample varieties Buckwheat noodle Bread Buckwheat flour Buckwheat seed milling 
fractions 
Apparatus Spectra Physics 
Spectra System P4000 
Hitachi L-6000 pump 
Rheodyne 7161 injector 
Shimadzu LC-10A Hewlett Packard series 
1100 
Detector Not specify Hitachi L-4200 UV  SPD-M10Avp (photo-diode 
array detector) 
UV detector  
Wavelength 380nm 350 nm 360 nm 350 nm 
Column Hibar – LiChrosper 100 
RP-18 (5 µm) column 
 250mm x 4mm 
Mightysil RT-18 GP250 column 
(4.6x250nm, 2.5 µm) 
Shiseido Capcellpack C18 Econosil C18
 
10U  
column (250mm x 4.6 
mm) 
Column 
temperature 
Ambient temp Ambient temp 40°C Ambient temp 
Mobile phase A : Acetonitrile : MeOH 
(1:2) 
B : 0.75%aq. H3PO4 
A : phosphoric acid (85.5%) in 
water 
B : mixture of MeOH and solvent 
A (80:20)  
A : 2.5% Acetic acid , 
Methanol, Acetonitrile 
(400:0:10) 
B : 2.5% Acetic acid , 
Methanol, Acetonitrile 
(400:400:10) 
A : MeOH / acetic acid 
(95:5, v/v) in H2O  
B : MeOH / acetic acid 
(95:5, v/v) 
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Appendix 2    A summary of published procedures and applications of HPLC techniques to the analysis of rutin and quercetin  
            continued 
 
Flavanoids Method 
details Rutin  Rutin & quercetin  Rutin & quercetin  Rutin & quercetin  
Gradient 
program 
 
0-5 min A:B = 0: 100 
5-20 min A:B = 60 : 40 
20-40 min A : B = 100 : 0 
40-50min A:B = 0:100 
0-2 min, increase B from 0-12% 
2-35min, increase B from 12-
100% 
35-45min, remain B at 100% 
45-55min, decrease B to 12% 
0-2 min A:B = 95:5 
2-48 min A:B = 95 : 5 to 5:95 
48-54 min A : B = 5 : 95 
54-56 min A : A = 5:95 to 95:5 
56-60 min A : B = 95 :5 
0-30min 30-60% MeOH 
/ acetic acid (95:5, v/v) in 
H2O  
30-35min 100% MeOH / 
acetic acid (95:5, v/v) 
Flow rate  Not specified 1.0 mL/min 1.0 mL/min Not specified 
